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 In	  the	  coming	  decades,	  development	  will	  overwhelmingly	  be	  connoted	  as	  
urbanization	  in	  the	  developing	  world.	  Present	  paradigms	  evidence	  the	  shortcomings	  of	  
global	  hegemonic	  discourse	  and	  demand	  more	  sustainably	  localized	  practices.	  The	  
bankruptcy	  of	  developing	  nations,	  climate	  change,	  and	  the	  impending	  urban	  population	  
boom	  pressure	  the	  development	  of	  urbanisms	  intelligently	  responsive	  to	  the	  particular	  
ecological,	  economic	  and	  socio-­‐cultural	  characteristics	  of	  a	  place.	  The	  central	  argument	  
of	  this	  thesis	  is	  that	  the	  rigid	  technologies	  of	  the	  master	  plan	  and	  transect	  are	  long	  
overdue	  for	  replacement,	  and	  that	  we	  now	  have	  the	  computational	  capacity	  to	  design	  
and	  analyze	  hypothetical	  urbanisms	  which	  relate	  empirically	  sourced	  data,	  consolidate	  
place-­‐based	  knowledge,	  operate	  in	  three	  dimensional	  space,	  and	  incorporate	  the	  all-­‐
important	  fourth	  dimension	  of	  time.	  If	  found	  to	  be	  true,	  extremely	  relevant	  adaptable	  
city	  models	  may	  be	  created	  to	  inform	  sustainable	  development	  practice.	  
	   Rather	  than	  pursue	  the	  computational	  capacity	  for	  form	  generation	  popular	  in	  
advanced	  architecture,	  this	  thesis	  will	  focus	  on	  the	  role	  of	  emerging	  computational	  
technologies	  at	  the	  urban	  scale,	  with	  the	  goal	  of	  demonstrating	  how	  such	  technologies	  
function	  and	  their	  potential	  repercussions.	  As	  a	  city	  with	  a	  unique	  relationship	  to	  
projected	  demographic	  trends	  and	  the	  prevailing	  literature,	  Kigali,	  Rwanda	  will	  be	  





1.0	   Our	  Urban	  Future	  
	   Across	  the	  world,	  every	  hour,	  thousands	  flock	  to	  and	  are	  born	  in	  the	  city.	  These	  
masses	  and	  their	  predecessors	  now	  make	  up	  more	  than	  half	  the	  human	  population	  and	  
continue	  to	  grow	  exponentially	  in	  number.	  The	  first	  urbanization	  wave	  occurred	  over	  
200	  years	  from	  circa	  1750	  to	  1950	  in	  Europe	  and	  North	  America,	  resulting	  in	  an	  increase	  
in	  urban	  dwellers	  from	  15	  million	  to	  423	  million	  persons.	  With	  roots	  in	  the	  rationalism	  of	  
Baron	  Haussmann’s	  Paris,	  Peter	  the	  Great’s	  St.	  Petersburg	  and	  Robert	  Moses’	  New	  York,	  
the	  iconic	  images	  of	  sky-­‐scraping	  fossil-­‐fueled	  modernism	  epitomized	  by	  Le	  Corbusier’s	  
Radiant	  City	  were	  a	  lasting	  result	  of	  this	  period.	  By	  contrast,	  the	  second	  wave	  of	  
urbanization	  currently	  underway	  is	  expected	  to	  occur	  in	  less	  than	  100	  years	  from	  circa	  
1950	  to	  2030.	  Projections	  anticipate	  a	  surge	  in	  developing	  countries	  from	  309	  million	  to	  
a	  tremendous	  3.9	  billion	  urban	  dwellers.1	  The	  systematic	  causes	  of	  this	  transition	  can	  be	  
pared	  down	  to	  three	  primary	  drivers:	  the	  declining	  capacity	  of	  rural	  areas	  to	  support	  
naturally	  inflating	  populations,	  a	  natural	  growth	  in	  cities	  (now	  a	  bigger	  driver	  than	  rural	  
emigration),	  and	  the	  increasing	  concentration	  of	  political,	  economic,	  and	  networked	  
informational	  power	  in	  the	  expanding	  cities	  of	  developing	  countries	  motivated	  by	  
globalization.2	  These	  factors	  have	  had	  differing	  effects	  dependent	  upon	  the	  prior	  
economic,	  ecological,	  socio-­‐cultural	  and	  political	  situations	  of	  respective	  developing	  
regions.	  For	  cities	  incorporated	  into	  the	  global	  economy	  as	  ports	  for	  extracting	  raw	  
materials,	  globalization	  has	  meant	  little	  more	  than	  exploding	  slums–the	  predominant	  
                                                
1	  United	  Nations	  Human	  Settlements	  Programme,	  State	  of	  the	  World’s	  Cities	  2010/2011.	  




experience	  in	  Africa–whereas	  certain	  Asian	  locales	  trend	  toward	  hyper-­‐dense	  high-­‐rise	  
urbanization	  and	  industrialization.	  
	   The	  progression	  of	  city	  growth	  validates	  a	  need	  to	  contemplate	  the	  dramatic	  
implications	  of	  extensive	  urbanization	  in	  developing	  countries	  and	  the	  means	  of	  
providing	  basic	  social	  and	  physical	  infrastructures	  to	  the	  imminent	  inhabitants.	  
Undoubtedly	  the	  second	  wave	  of	  urbanization	  will	  drastically	  alter	  collective	  
conceptions	  of	  what	  consists	  an	  urban	  form	  and	  the	  image	  of	  the	  city.	  Contrary	  to	  
popular	  belief,	  the	  trends	  across	  all	  continents	  are	  not	  the	  creation	  of	  more	  
conglomerate	  more	  mega-­‐cities	  such	  as	  Tokyo	  or	  Shanghai	  but	  instead	  a	  polynuclear	  
fabric	  of	  cities	  around	  a	  million	  people	  or	  less.3	  	  This	  pattern	  of	  distribution	  may	  prove	  
more	  manageable	  than	  the	  alternative.	  
	   Humanity	  has	  arrived	  at	  a	  crux.	  The	  significant	  majority	  of	  the	  anticipated	  
urbanites	  in	  the	  developing	  world,	  upon	  relocation	  to	  the	  city,	  will	  be	  initially	  
disenfranchised,	  creating	  a	  formidable,	  justifiable	  demand	  for	  the	  same	  middle-­‐class	  
existence	  that	  industrialization	  and	  urbanization	  garnered	  developed	  nations.	  Tragically,	  
modern	  habits	  of	  over-­‐consumption	  of	  the	  billion	  or	  so	  urban-­‐based	  developed	  world	  
citizens	  are	  rapidly	  destabilizing	  the	  planet’s	  homeostasis.	  If	  development	  is	  enacted	  in	  
the	  same	  manner	  by	  the	  developing	  world	  on	  a	  scale	  even	  remotely	  commensurate	  with	  
the	  extant	  need,	  our	  global	  ecology	  will	  be	  shifted	  irreparably	  with	  unknown	  but	  
indisputably	  violent	  consequences.	  





	   Fortunately,	  the	  demographic	  trends	  and	  looming	  imperative	  for	  more	  
environmentally	  integrated	  practices	  coincide	  with	  another	  paradigm	  shift,	  that	  of	  
contemporary	  technology	  and	  theory.	  The	  World	  Wide	  Web	  as	  conventionally	  
understood	  is	  but	  one	  aspect	  of	  the	  Internet	  communications	  technology	  (ICT)	  
revolution.	  Additionally,	  this	  period	  of	  networked	  innovation	  has	  given	  humanity	  
unparalleled	  tools	  with	  which	  to	  comprehend	  empirically	  and	  emulate	  complex	  systems	  
including	  but	  not	  limited	  to	  satellite	  imaging,	  parametric	  modeling,	  and	  vast	  databases.	  
We	  habitually	  take	  for	  granted	  the	  ability	  to	  forecast	  global	  weather	  patterns	  or	  
statistically	  predict	  election	  outcomes.	  Rigorously	  applied	  to	  problems	  as	  vital	  as	  the	  
urbanization	  of	  the	  developing	  world,	  novel	  technological	  insights	  can	  generate	  
innumerable	  opportunities	  for	  urban	  designs	  that	  intelligently	  respond	  to	  local	  
peculiarities.	  Identifying	  these	  opportunities	  is	  gaining	  importance,	  as	  research	  and	  
international	  communities	  have	  begun	  to	  comprehend	  and	  propound	  the	  virtues	  of	  
emergent,	  locally	  relevant	  policies,	  practices,	  institutions	  and	  infrastructures.	  On	  top	  of	  
all	  this,	  communications	  networks	  have	  enabled	  activists	  promoting	  these	  practices	  to	  
organize	  en	  masse.	  Finally,	  the	  problem	  itself	  may	  hold	  the	  seeds	  of	  the	  numerous	  
solutions	  required	  to	  achieve	  sustainable	  urban	  development.	  Concentrations	  of	  
intellectual	  resources	  assembled	  by	  urban	  science	  and	  education	  systems	  support	  the	  
technical,	  cultural	  and	  institutional	  context	  needed	  to	  foster	  sustainable	  innovations.	  
	   The	  course	  taken	  in	  constructing	  the	  urban	  form	  of	  the	  developing	  world	  over	  
the	  coming	  decades	  and	  its	  impact	  on	  the	  global	  environment	  will	  determine	  much	  of	  




place	  a	  new	  magnitude	  of	  burden	  on	  environmental	  systems,	  as	  well	  as	  much	  of	  the	  
developed	  world’s	  presently	  exploited	  resource	  stocks.	  Recently	  the	  steady	  
intensification	  of	  natural	  disasters	  has	  confronted	  many	  with	  the	  painful	  truth	  of	  our	  
planet’s	  interconnected	  climate.	  As	  an	  outcome	  of	  this	  atmospheric	  unity,	  
environmental	  damage	  in	  urbanizing	  areas	  resulting	  from	  either	  shortsighted	  
development	  or	  intensified	  extractive	  industry	  will	  have	  measurable	  climatic	  effects	  
rippling	  through	  distant	  locations.	  Comparably,	  the	  contemporary	  system	  of	  global	  trade	  
and	  culture	  is	  now	  so	  deeply	  interrelated	  that	  any	  eventual	  economic	  booms	  and	  busts	  
in	  the	  proportionally	  increasing	  economies	  of	  developing	  countries	  will	  surely	  take	  their	  
toll	  on	  the	  prosperity	  of	  the	  entire	  globe,	  not	  to	  mention	  already	  marginalized	  residents.	  
	   Thus,	  the	  hypothesis	  is	  proposed:	  if	  state-­‐of-­‐the-­‐art	  technologies	  and	  theories	  
are	  leveraged	  to	  improve	  our	  understandings	  of	  urban	  environments,	  to	  better	  
consolidate	  and	  synthesize	  indigenous	  knowledge,	  to	  empower	  people,	  and	  to	  generate	  
place-­‐specific	  urban	  designs,	  then	  more	  ecologically	  integrated	  and	  sustainable	  
urbanisms	  can	  be	  realized	  in	  the	  developing	  world.	  Such	  accomplishments	  will	  not	  only	  
benefit	  the	  burgeoning	  urban	  populous	  but	  also	  the	  climates,	  economies,	  and	  peoples	  
of	  the	  world	  at	  large.	  
	   1.1	   Interdisciplinarity	  
	   Urban	  conditions	  are	  by	  definition	  products	  of	  interactions	  between	  numerous	  
disciplines.	  For	  every	  urban	  locale	  there	  is	  a	  respective	  economy,	  environment,	  history,	  
agricultural	  regime,	  set	  of	  social	  conventions,	  political	  schema,	  and	  so	  forth.	  Effective	  




address	  concepts	  associated	  specifically	  with	  development,	  this	  thesis	  will	  emphasize	  
two	  bodies	  of	  literature.	  Presented	  first	  is	  that	  of	  human	  geography	  regarding	  
globalization,	  neoliberalism,	  food	  and	  water	  security,	  development	  discourse	  and	  
institution	  building	  and	  second	  that	  of	  urban	  design	  theory	  regarding	  compaction,	  
conservation	  and	  participatory	  processes.	  
2.0	   Human	  Geography	  and	  the	  Urban	  Context	  
	   2.1	   Reordering	  Flows	  
	   Acutely,	  much	  of	  the	  human	  geography	  literature	  of	  the	  day	  depicts	  urban	  
development	  in	  the	  context	  of	  globalization.	  The	  worldwide	  networking	  of	  economics	  
and	  culture	  was	  built	  up	  through	  centuries	  of	  trade	  and	  exchange	  but	  only	  fully	  enabled	  
by	  the	  recent	  advent	  of	  ICT.	  Previously	  irrelevant	  forces	  established	  in	  geographically	  
distant	  regions	  are	  now	  allowed	  to	  shape	  each	  other’s	  economies	  in	  increasingly	  
complex	  ways,	  and	  economic	  fluxes	  have	  extraordinarily	  far-­‐reaching	  repercussions.	  For	  
example,	  the	  invention	  of	  a	  disruptive	  gadget	  in	  Silicon	  Valley	  might	  cause	  a	  flood	  of	  
freshly	  obsolete	  products	  to	  be	  dumped	  in	  India,	  providing	  materials	  to	  an	  industry	  of	  
waste-­‐pickers.	  
	   Financial	  globalization	  was	  upheld	  by	  neoliberalism,	  an	  ideology	  combining	  “a	  
commitment	  to	  the	  extensions	  of	  markets	  and	  logics	  of	  competitiveness	  with	  a	  
profound	  antipathy	  to	  all	  kinds	  of	  Keynesian	  and/or	  collectivist	  strategies.”4	  More	  
commonly,	  neoliberalism	  is	  recognized	  in	  the	  “fiscal	  austerity”	  and	  “structural	  
                                                




adjustment”	  policies	  popularized	  by	  US	  President	  Ronald	  Reagan	  and	  British	  Prime	  
Minster	  Margaret	  Thatcher	  in	  the	  1980s.5	  As	  leading	  agents	  of	  the	  neoliberal	  agenda,	  
the	  World	  Bank	  and	  International	  Monetary	  Fund	  acted	  on	  the	  argument	  that	  local	  
organizations	  of	  undeveloped	  countries	  have	  inefficiently	  utilized	  their	  nations’	  globally	  
valued	  resources,	  partly	  explaining	  their	  relative	  circumstance.	  Proceeding	  to	  break	  
down	  the	  inhibitory	  powers	  of	  public	  bureaucracies	  with	  a	  canon	  of	  economic	  and	  
political	  contracts,	  these	  institutions	  cleared	  the	  way	  for	  transnational	  companies	  to	  
privatize	  foreign	  resources	  and	  absorb	  them	  into	  the	  world	  market.	  Hence	  extended,	  
complex,	  internationally	  articulated	  value	  chains	  arose	  connecting	  manufacturing	  in	  
low-­‐wage,	  low-­‐margin	  developing	  countries	  to	  high-­‐cost,	  high-­‐margin	  centers	  mainly	  in	  
developed	  countries.6	  According	  to	  Castells,	  without	  the	  concurrent	  boom	  in	  computer-­‐
processing	  power	  this	  intricate	  reorganization	  of	  flows	  would	  not	  have	  been	  possible.7	  
	   2.2	   Technologic	  Apartheid	  and	  Informalization	  
	   Unfortunately,	  due	  to	  widespread	  rising	  inequity,	  faith	  in	  the	  universal	  
distribution	  of	  wealth	  provided	  by	  structural	  adjustment	  has	  been	  proven	  naïve.	  In	  
actuality,	  the	  global	  professional	  class	  predisposed	  to	  profit	  from	  the	  availability	  of	  new	  
markets	  received	  the	  liberalization	  promoted	  by	  the	  World	  Bank	  eagerly,	  and	  expertly	  
ensured	  that	  revenues	  from	  resources	  once	  widely	  considered	  common	  property	  were	  
channeled	  directly	  to	  their	  private	  and	  company	  bank	  accounts.	  This	  minority	  
population	  in	  developing	  regions	  graced	  with	  the	  economic	  and	  social	  capital	  to	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assimilate	  with	  global	  trade	  logically	  did	  so,	  leading	  to	  the	  establishment	  of	  globally	  
connected	  enclaves	  within	  otherwise	  disconnected	  developing	  cities.	  By	  default,	  the	  
majority	  left	  without	  the	  infrastructure	  required	  to	  ‘link	  up’	  were	  often	  excluded	  
entirely	  and	  forced	  to	  rely	  on	  an	  entirely	  separate	  set	  of	  flows	  from	  those	  energizing	  the	  
global	  “space	  of	  flows”.8	  
	   Many	  of	  these	  omitted	  peoples	  have	  become	  the	  slum-­‐dwellers	  omnipresent	  in	  
most	  developing	  urban	  areas.	  Many	  developing	  countries	  were	  only	  partially	  hooked	  
into	  global	  flows	  as	  low-­‐wage	  factories	  and	  pools	  of	  service	  industry	  workers	  who	  could	  
be	  paid	  so	  little	  precisely	  because	  they	  resided	  in	  slums.9	  Parallel	  to	  the	  informalization	  
of	  housing	  resulting	  from	  the	  neoliberal	  ‘roll-­‐back’	  of	  government	  authority	  ran	  the	  
informalization	  of	  the	  common	  people’s	  economies,	  made	  visible	  by	  the	  proliferation	  of	  
street	  vendors,	  independent	  taxi	  drivers,	  artisans,	  small-­‐scale	  manufacturers	  and	  so	  
on.10	  Today	  about	  1	  billion	  strong,	  the	  global	  informal	  working	  class	  inverted	  the	  
conventional	  structural	  relationship	  with	  the	  formal	  working	  class	  during	  the	  combined	  
debt	  and	  rampant	  inflation	  crisis	  of	  the	  1980s	  to	  become	  the	  primary	  mode	  of	  livelihood	  
in	  a	  majority	  of	  developing	  world	  cities.11	  Despite	  entrepreneurial	  ethos-­‐laden	  myths	  
advocated	  by	  such	  academics	  as	  Hernando	  de	  Soto	  and	  reports	  frequently	  sponsored	  by	  
the	  World	  Bank	  or	  authored	  by	  its	  own	  imposing	  department	  of	  pseudo-­‐scientific	  
knowledge	  production,	  the	  optimistic	  “Todaro	  Model”	  according	  to	  which	  the	  informal	  
sector	  is	  simply	  a	  school	  of	  urban	  skills	  from	  which	  most	  immigrants	  eventually	  graduate	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9	  Ibid.	  
10	  Peck	  and	  Tickell,	  “Neoliberalizing	  Space.”	  




to	  formal-­‐sector	  jobs	  has	  been	  abandoned	  by	  the	  foremost	  researchers.12	  Not	  
surprisingly,	  the	  utter	  lack	  of	  health	  insurance	  and	  retirement	  plans,	  the	  absence	  of	  
growth	  potential,	  and	  the	  negation	  of	  even	  the	  most	  basic	  workers’	  rights	  have	  in	  reality	  
created	  “only	  a	  down	  staircase	  by	  which	  redundant	  formal-­‐sector	  workers	  and	  sacked	  
public	  employees	  descend	  into	  the	  black	  economy.”13	  
	   2.3	   The	  Rise	  of	  Green	  Neoliberalism	  
	   In	  the	  past,	  the	  World	  Bank’s	  structural	  adjustment	  interventions	  occurred	  
behind	  closed	  doors.	  The	  reforming	  of	  government	  financial	  and	  budgetary	  structures	  in	  
accordance	  with	  the	  conditionalities	  of	  much-­‐needed	  loans	  and	  loan	  guarantees	  was	  
carried	  out	  in	  concert	  with	  the	  handful	  of	  individuals	  either	  already	  in	  power	  or	  hand-­‐
selected	  for	  comparative	  empowerment	  by	  the	  Bank.	  Great	  disparities	  of	  wealth	  were	  
produced,	  local	  environments	  were	  devastated,	  thousands	  of	  jobs	  were	  lost	  and	  major	  
social	  programs	  were	  eliminated.	  Though	  citizens	  viscerally	  felt	  the	  pains	  of	  these	  
decisions,	  for	  most	  the	  process	  of	  structural	  adjustment	  remained	  a	  mysterious	  
abstraction.14	  Food	  riots	  and	  marches	  by	  the	  unemployed	  swept	  major	  Third	  World	  
cities	  throughout	  the	  1980s.	  Still,	  no	  unilateral	  initiatives	  gained	  ground	  largely	  because	  
it	  was	  difficult	  to	  pin	  down	  the	  precise	  source	  of	  the	  oppressive	  changes	  taking	  place.	  
Even	  if	  a	  regime	  was	  overthrown,	  the	  successors	  inherited	  the	  same	  crippling	  burden	  of	  
scraping	  together	  revenue	  to	  repay	  old	  debts	  by	  firing	  public	  workers	  and	  selling	  off	  
public-­‐sector	  goods	  and	  enterprises.	  Only	  when	  structural	  adjustment	  evolved	  into	  the	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much	  more	  generative	  current	  regime	  of	  ‘green	  neoliberalism’	  did	  worldwide	  
mobilization	  begin	  to	  emerge.15	  	  
	   Green	  neoliberalism	  is	  essentially	  a	  product	  of	  the	  World	  Bank’s	  astute	  
interpretation	  of	  scientific	  trajectories.	  Faced	  with	  the	  amassing	  data	  corroborating	  
global	  climate	  change,	  the	  Bank	  was	  forced	  to	  reconsider	  its	  own	  environmental	  
position.	  Whereas	  in	  the	  1980s	  officials	  insisted	  a	  strong	  environmental	  stance	  would	  
decrease	  worldwide	  demand	  for	  its	  capital	  and	  services,	  presently	  the	  Bank	  boasts	  both	  
an	  expanding	  loan	  portfolio	  and	  a	  globally	  adopted	  environmental	  agenda.16	  Under	  the	  
euphemism	  of	  environmentally	  sustainable	  development	  the	  Bank	  has	  mutated	  a	  
previously	  antidevelopment	  environmentalist	  ethic	  into	  one	  that	  places	  discrete	  values	  
on	  ecologies	  by	  peddling	  to	  energy,	  conservation	  and	  tourism	  companies.	  Simplistically,	  
any	  revenues	  that	  might	  be	  harnessed	  for	  environmental	  protection	  and	  maintenance	  
are	  concentrated	  singularly	  on	  the	  natures	  that	  support	  large	  capital	  investments.	  The	  
detrimental	  effects	  of	  such	  bottom-­‐line	  motivations	  are	  readily	  apparent	  in	  Laos,	  an	  
extreme	  example	  of	  green	  neoliberal	  intervention	  where	  policies	  enforced	  under	  
pressure	  of	  debt	  from	  World	  Bank	  loans	  have	  carved	  up	  major	  swaths	  of	  forest	  into	  a	  
hierarchy	  of	  strictly	  controlled	  use	  zones.	  In	  total	  protection	  zones,	  no	  in-­‐migration	  is	  
permitted	  and	  village	  rights	  to	  grazing,	  fishing,	  hunting	  and	  firewood	  collection	  are	  
severely	  curtailed.	  Predictably	  these	  circumstances	  have	  resulted	  in	  the	  displacement	  of	  
indigenous	  peoples	  and	  the	  loss	  of	  vernacular	  knowledge	  and	  stewardship.	  Exemptions	  
are	  granted	  by	  “special	  permission”	  only	  for	  requests	  related	  to	  eco-­‐tourism	  and	  hydro-­‐
                                                





dam	  reservoirs.17	  Historic	  local	  rights	  of	  access	  to	  these	  wildernesses	  have	  been	  
swapped	  for	  rights	  of	  access	  by	  international	  energy,	  tourism	  and	  conservation	  
industries.	  Returning	  to	  the	  question	  of	  popular	  upheaval,	  it	  is	  telling	  to	  note	  that	  when	  
previous	  structural	  adjustments	  stopped	  the	  flow	  of	  government	  resources	  to	  localities,	  
people	  often	  challenged	  the	  party	  in	  power,	  yet	  when	  locals	  are	  denied	  access	  to	  the	  
same	  resources	  being	  utilized	  by	  European	  tourists	  or	  American	  corporations	  the	  
translocal	  nature	  of	  both	  the	  problem	  and	  potential	  solutions	  is	  highlighted.	  
	   2.4	   Agricultural	  Mega-­‐Projects	  
	   Globally	  disseminated	  agricultural	  practices	  have	  also	  had	  negative	  effects	  on	  
food	  and	  water	  security	  in	  parts	  of	  the	  developing	  world.	  Sudan,	  for	  instance,	  has	  
endured	  much	  divisive	  violence	  due	  to	  dreadfully	  misguided	  large-­‐scale	  mechanized	  
agricultural	  schemes.	  Introduced	  by	  the	  colonial	  administration,	  these	  mega-­‐projects	  
were	  furthered	  after	  independence	  by	  the	  usual	  foreign	  technical	  advisors	  and	  financial	  
institutions	  including	  a	  number	  of	  Islamic	  banks.18	  As	  with	  economic	  liberalization,	  the	  
transition	  to	  large-­‐scale	  mechanized	  farming	  mainly	  benefited	  the	  established	  elite	  of	  
large	  landowners	  and	  replaced	  relatively	  low-­‐impact,	  small-­‐scale	  methods	  of	  
exploitation	  with	  aggressive	  and	  intensive	  techniques.	  These	  techniques	  focused	  
environmental	  damage	  to	  an	  unprecedented	  degree,	  so,	  despite	  the	  huge	  sums	  of	  
international	  money	  invested,	  soil	  degradation	  caused	  agricultural	  output	  to	  stagnate	  
whilst	  deforestation,	  displacement,	  and	  water-­‐borne	  disease	  accelerated.	  With	  literal	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and	  metaphoric	  connotations,	  the	  eventual	  result	  of	  such	  capital-­‐intensive	  agriculture	  in	  
Sudan	  has	  been	  dubbed	  “a	  harvest	  of	  dust.”19	   	  
	   2.5	   Privatized	  Water	  
	   Likewise,	  privatized	  mechanization,	  allegedly	  for	  the	  sake	  of	  increasing	  
efficiency,	  has	  wreaked	  havoc	  on	  water	  resources	  in	  certain	  developing	  countries.	  
Infamously,	  in	  the	  city	  of	  Cochabamba	  the	  government	  of	  Bolivia	  conceded	  the	  Servicio	  
Municipal	  del	  Agua	  Potable	  y	  Alcantarillado	  to	  a	  subsidiary	  of	  Bechtel	  in	  2000	  based	  on	  
recommendations	  from	  the	  World	  Bank.	  Following	  privatization,	  monthly	  water	  bills	  
quickly	  reached	  $20	  per	  month,	  a	  modest	  for	  the	  average	  American	  consumer	  but	  an	  
exorbitant	  amount	  for	  residents	  of	  a	  city	  in	  which	  the	  minimum	  wage	  was	  less	  than	  
$100	  a	  month.20	  However,	  the	  celebrity	  of	  Cochabamba	  is	  not	  merely	  a	  function	  of	  the	  
shocking	  level	  of	  abuse	  of	  a	  public	  resource.	  Public	  reaction	  to	  the	  misuse	  culminating	  in	  
the	  Cochabamba	  water	  wars	  brought	  the	  injustice	  to	  the	  world’s	  attention.	  Millions	  of	  
Bolivians	  marched	  on	  the	  city,	  halting	  all	  transportation	  for	  four	  days	  on	  end.	  After	  
attempts	  by	  the	  government	  to	  silence	  the	  protesters	  through	  martial	  law,	  arrests,	  
murder	  and	  censorship	  the	  people	  finally	  won;	  Aguas	  del	  Tunari	  and	  Bechtel	  fled	  the	  
country	  and	  the	  government	  was	  forced	  to	  revoke	  its	  hated	  water	  privatization	  
legislation.	  As	  a	  tangible	  demonstration	  of	  the	  possibility	  for	  preventing	  corporate	  
takeover	  through	  democratic	  will,	  this	  example	  should	  not	  be	  understated,	  yet	  the	  
victory	  was	  not	  final.	  Bolivia	  is	  still	  caught	  up	  in	  legal	  termination	  disputes	  with	  Bechtel,	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and	  the	  Bolivian	  government	  continued	  to	  harass	  activists	  of	  the	  citizen’s	  alliance.	  
Similar	  internationally	  executed	  travesties	  persist	  unnoticed	  by	  foreign	  media	  in	  the	  
Philippines,	  Argentina,	  and	  Colombia	  among	  other	  states.	  In	  the	  words	  of	  the	  renowned	  
scholar	  and	  activist	  Vandana	  Shiva,	  “We	  are	  witnessing	  the	  commodification	  of	  two	  vital	  
resources–biodiversity	  and	  water–which,	  for	  a	  long	  time,	  were	  beyond	  the	  reach	  of	  
forest	  industrialization.	  Biodiversity	  is	  now	  a	  mere	  genetic	  mine	  and	  water	  a	  
commodity.”21	  
	   2.6	   Hegemonic	  Discourse	  
	   Arguably	  more	  intriguing	  than	  the	  developmental	  tendencies	  described	  above	  is	  
the	  manner	  in	  which	  such	  philosophies	  of	  growth	  have	  been	  justified	  by	  the	  hegemonic	  
discourse	  the	  World	  Bank	  and	  its	  global	  partners	  enacted	  across	  the	  globe.	  In	  the	  same	  
way	  that	  the	  exploration	  of	  the	  new	  world	  was	  qualified	  by	  manifest	  destiny	  or	  
involvements	  in	  the	  Middle	  East	  are	  qualified	  by	  evangelist	  democracy,	  the	  new	  “legal,	  
institutional,	  investment	  modalities”	  comprising	  the	  current	  paradigm	  of	  
‘environmentally	  sustainable	  development’	  “are	  all	  buttressed	  by	  corresponding	  forms	  
of	  knowledge,	  such	  that	  state	  building	  is	  not	  just	  about	  gaining	  new	  forms	  of	  control	  
over	  territorial	  space,	  but	  also	  about	  control	  of	  epistemological	  space.”22	  Developing	  
governments	  finds	  themselves	  engaged	  in	  an	  emerging	  scientific	  discourse	  including	  a	  
politics	  of	  ethics	  requiring	  environmental	  accountability	  to	  the	  global	  community.	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   Paradoxically,	  monolithic	  projects	  in	  the	  vein	  of	  green	  neoliberalism	  or	  green	  
capitalism	  enacted	  by	  the	  same	  institutions	  enforcing	  global	  environmental	  
accountability	  often	  do	  more	  social	  and	  ecologic	  harm	  than	  good,	  as	  we	  have	  seen.	  Due	  
to	  their	  centralized	  nature,	  such	  institutions	  are	  apt	  to	  spend	  one	  million	  dollars	  in	  one	  
place	  as	  opposed	  to	  spending	  one	  thousand	  dollars	  in	  one	  thousand	  places,	  though	  the	  
latter	  may	  indeed	  be	  more	  beneficial.	  As	  argued	  by	  Roderick	  Neumann	  in	  Making	  
Political	  Ecology,	  externally	  imposed	  development	  initiatives	  are	  often	  based	  on	  singular	  
global	  discourses	  which	  may	  or	  may	  not	  correlate	  with	  local	  realities,	  and	  frequently	  
have	  unintended	  local	  economic	  or	  socio-­‐political	  ramifications.	  Informed	  
understandings	  of	  development	  should	  consider	  capitalist	  social	  processes	  as	  “the	  
unfolding	  of	  modernity	  in	  particular	  places	  at	  particular	  times.”23	  Though	  global	  
discourse	  may	  be	  undifferentiated,	  it	  is	  always	  amended	  by	  the	  geographic	  character	  
and	  temporalities	  of	  the	  place	  in	  which	  it	  is	  applied.	  Neumann	  tells	  of	  a	  case	  where	  
discourse	  recommended	  the	  planting	  of	  tree-­‐fruits	  in	  agriculture	  in	  the	  Gambia	  for	  
ecological	  purposes,	  not	  realizing	  that	  the	  introduction	  of	  trees	  would	  provide	  a	  venue	  
for	  males	  to	  assert	  dominance	  in	  the	  ground-­‐fruit	  fields	  previously	  dominated	  by	  
women,	  leading	  to	  social	  disputes.24	  
	   Scientific	  knowledge	  generated	  within	  these	  institutions	  suffers	  from	  similar	  
hegemony.	  With	  a	  history	  of	  continually	  devaluing	  indigenous	  knowledge	  and	  
advocating	  for	  the	  removal	  of	  peoples	  from	  their	  ancestral	  lands	  in	  the	  name	  of	  
conservation,	  the	  flaws	  of	  this	  discourse	  have	  exiled	  many	  benign	  livelihoods.	  Tim	  
                                                





Forsyth	  explains	  how	  universal	  explanations	  of	  environmental	  change	  advanced	  by	  
orthodox	  science	  incorporate	  the	  political	  and	  social	  circumstances	  of	  their	  creation	  and	  
are	  not	  true	  in	  all	  locations	  and	  contexts.	  In	  order	  to	  create	  environmental	  explanations	  
that	  bear	  closer	  resemblance	  to	  reality	  science	  must	  be	  localized,	  or	  in	  other	  words,	  
democratized.25	  
	   2.7	   The	  Digital	  Road	  to	  Recovery	  
	   Considering	  their	  temporal	  convergence,	  the	  fifth	  technological	  age	  of	  
information	  and	  telecommunications	  which	  began	  in	  1971	  has	  reasonably	  also	  been	  
brought	  under	  this	  discourse	  of	  ‘greening’.	  A	  representative	  of	  the	  World	  Information	  
Technology	  and	  Services	  Alliance	  introduced	  the	  2010	  congress	  on	  Information	  and	  
Technology	  program	  with	  the	  claim	  “ICT	  developments	  are	  fuelling	  industrial	  energy	  
savings,	  smart-­‐grid	  technologies	  and	  new	  virtual	  and	  teleworking	  opportunities	  that	  will	  
form	  a	  digital	  road	  to	  recovery.”26	  
	   2.8	   Institutional	  Localization	  
	   Technologic	  apartheid,	  informalization,	  perversions	  of	  green	  neoliberalism,	  
hypocritical	  conservation	  policies,	  improperly	  scaled	  agricultural	  regimes,	  unaffordable	  
clean	  water,	  and	  misapplied	  environmental	  knowledge	  indicate	  the	  need	  for	  stronger	  
local	  institutions.	  Breaking	  from	  capitalism’s	  fundamentally	  reductionist	  tendency	  to	  
measure	  development	  in	  terms	  of	  GDP	  per	  capita	  growth,	  Amartya	  Sen	  made	  the	  leap	  
to	  the	  elegant	  if	  circuitous	  notion	  that	  development	  is	  about	  building	  capacities	  for	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activating	  developmental	  processes.27	  Governments,	  unions,	  and	  communities	  
aggregate	  the	  knowledge	  and	  individual	  acts	  of	  improvement	  that	  mature	  into	  
measurable	  change.	  Regardless	  of	  their	  rhetoric,	  transnational	  institutions	  are	  
necessarily	  less	  invested	  in	  and	  aware	  of	  the	  circumstances	  of	  locales	  foreign	  from	  their	  
own	  bases	  of	  operation.	  Local	  institutions,	  accountable	  to	  their	  surrounding	  
populations,	  who	  are	  also	  their	  constituents,	  are	  requisite	  to	  optimize	  the	  ecologic,	  
economic	  and	  social	  strengths	  unique	  to	  any	  given	  place.	  
3.0	   Urban	  Theory	  
	   3.1	   The	  Compact	  City	  Debate	  
	   Within	  developed	  nations,	  the	  dominant	  discourse	  of	  urban	  theory	  is	  that	  of	  the	  
‘Compact	  City’	  advocated	  by	  the	  New	  Urbanism	  movement.	  Under	  the	  umbrella	  of	  
compactness,	  supporters	  of	  the	  Compact	  City	  model	  incorporate	  not	  just	  fine-­‐grain	  
urban	  forms,	  but	  also	  pedestrian-­‐friendly	  streets	  and	  a	  vibrant	  mixture	  of	  uses.	  
Departing	  from	  the	  geometric	  rationalism	  of	  the	  modernist	  megacities	  referenced	  in	  the	  
introduction	  to	  this	  paper,	  the	  Compact	  City	  is	  in	  many	  ways	  a	  reversion	  to	  the	  organic	  
piecemeal	  development	  still	  visible	  in	  various	  medieval	  European	  cities.	  Dense	  urban	  
forms	  preserve	  valuable	  agricultural	  lands	  bordering	  urban	  areas,	  restrain	  development	  
from	  interrupting	  the	  continuity	  of	  ecologies,	  optimize	  infrastructural	  investments,	  and	  
provide	  the	  volumes	  of	  riders	  necessary	  to	  make	  mass	  transit	  economically	  feasible.	  
Posited	  by	  Jane	  Jacobs	  in	  her	  canonical	  text	  The	  Death	  and	  Life	  of	  Great	  American	  Cities,	  
                                                




a	  possibly	  more	  significant	  advantage	  of	  density	  is	  a	  self-­‐policing	  network	  of	  safe	  public	  
space	  that	  provides	  the	  setting	  for	  social	  and	  economic	  interpersonal	  exchange.28	  
	   Relying	  on	  the	  infrastructures	  needed	  for	  innovation,	  such	  theories	  were	  
naturally	  advanced	  by	  academics	  and	  institutions	  of	  already	  developed	  regions.	  With	  
regard	  to	  sustainability	  the	  most	  theoretically	  problematic	  developed	  cities	  (Los	  Angeles	  
or	  Phoenix	  for	  example)	  present	  primarily	  the	  issues	  of	  low	  density	  and	  inflexibly	  
homogeneous	  land	  use.	  Therefore,	  the	  alternatives	  offered	  by	  the	  Compact	  City	  model	  
are	  particularly	  appropriate.	  Regrettably,	  this	  does	  not	  necessarily	  hold	  true	  for	  
underdeveloped	  cities.	  While	  there	  exists	  a	  sizeable	  body	  of	  work	  relating	  directly	  to	  
sustainable	  urbanism	  in	  the	  developing	  world,	  it	  does	  not	  represent	  the	  leading	  theme.	  
This	  is	  the	  case	  for	  both	  the	  foremost	  urban	  design	  research	  and	  even	  more	  so	  popular	  
design	  media.	  Given	  the	  immediacy	  and	  scale	  of	  the	  questions	  implied	  by	  the	  impending	  
growth	  of	  underdeveloped	  areas,	  the	  potential	  is	  revealed	  for	  urban	  design	  priorities	  to	  
better	  reflect	  reality.	  
	   3.2	   An	  Ideal	  Density	  
	   Certain	  cities	  in	  developing	  countries	  claim	  the	  same	  solutions	  put	  forth	  by	  the	  
Compact	  City	  model	  as	  their	  most	  extreme	  challenges.	  Whereas	  increasing	  density	  may	  
make	  Cape	  Town	  more	  sustainable,	  Hong	  Kong’s	  ultra	  high	  densities	  lead	  to	  poor	  air	  
quality,	  limited	  daylight,	  and	  confounding	  congestion.29	  Contradictions	  like	  these	  bring	  
up	  the	  question	  of	  an	  ideal	  density;	  surely	  there	  exists	  a	  threshold	  at	  which	  the	  adverse	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environmental	  conditions	  resulting	  from	  densification	  are	  balanced	  by	  the	  
infrastructural	  efficiencies	  achieved?	  Experience	  tells	  us	  the	  truth	  is	  not	  so	  simple.	  The	  
answer	  lies	  on	  a	  spectrum	  ranging	  from	  Tokyo,	  an	  enormous	  sprawling	  urbanism	  
mitigated	  by	  a	  strong	  reliance	  on	  public	  transport,	  to	  Oslo,	  a	  modest	  city	  with	  two-­‐thirds	  
of	  its	  area	  covered	  by	  protected	  forests,	  waterways,	  and	  agricultural	  land.30	  Advisable	  
built	  forms	  and	  degrees	  of	  densification	  are	  obviously	  a	  function	  of	  the	  tolerances	  of	  the	  
ecology	  of	  any	  given	  locale.	  Less	  obviously,	  Hall	  and	  Sommer’s	  research	  also	  suggests	  
that	  a	  specific	  group’s	  “reaction	  to	  spatial	  invasions	  might	  be	  culturally	  determined.”31	  
Generally	  speaking,	  in	  the	  same	  manner	  that	  foods,	  garments	  and	  art	  vary	  from	  place	  to	  
place,	  so	  do	  culture	  and	  built	  form	  have	  a	  reciprocal	  relationship	  based	  on	  the	  locally	  
available	  building	  materials	  and	  methods,	  economic	  contexts,	  climatic	  conditions,	  
traditional	  family	  sizes,	  conceptions	  of	  personal	  space,	  valuations	  of	  privacy	  and	  so	  on.	  
	   3.3	   Conservation	  
	   Related	  to	  the	  cultural	  aspect	  of	  built	  forms	  is	  the	  concern	  among	  theorists	  
about	  the	  erosion	  of	  place-­‐based	  identity	  by	  globalized	  methods	  of	  rapid	  urbanization.	  
In	  the	  literature	  specific	  to	  developing	  regions,	  western-­‐led	  ‘international’	  conventions,	  
principles	  and	  praxis	  for	  conserving	  and	  managing	  urban	  cultural	  heritage	  are	  topics	  of	  
great	  controversy.	  Conservation	  policy	  in	  much	  of	  the	  developing	  world	  narrowly	  
defines	  the	  built	  cultural	  heritage	  as	  historic	  buildings	  and	  monuments,	  not	  the	  
underlying	  spatially	  and	  socially	  embedded	  discourse.	  Physically	  bounded	  perceptions	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like	  these	  ignore	  the	  delicate	  interplay	  between	  sustainability	  and	  conservation.	  
Rephrased,	  standard	  conservation	  practices	  frequently	  attempt	  to	  freeze	  in	  time	  often-­‐
romanticized	  objects	  of	  built	  heritage,	  when	  they	  should	  be	  attempting	  to	  preserve	  the	  
distinctive	  processes	  encoded	  in	  the	  identities	  they	  aim	  to	  protect.32	  The	  vernacular	  has	  
always	  been	  an	  evolutionary	  state	  resulting	  from	  the	  adaptation	  of	  inherited	  forms	  and	  
technologies	  to	  suit	  contemporary	  needs.	  To	  remove	  this	  human	  aspect	  is	  to	  diminish	  
any	  emotional	  or	  rational	  significance.	  Analogous	  to	  the	  common	  definition	  of	  
sustainability	  as	  “to	  meet	  the	  needs	  of	  the	  present	  without	  compromising	  the	  ability	  of	  
future	  generations	  to	  meet	  their	  own	  needs,”	  forward-­‐thinking	  conservation	  can	  be	  
taken	  to	  mean	  “fitting	  modern	  uses	  without	  risking	  the	  loss	  of	  inherited	  built	  resources	  
for	  future	  generations.”33	  This	  is	  no	  easy	  equilibrium	  to	  attain.	  
	   The	  shortcomings	  of	  exogenous	  preservationism	  are	  observable	  in	  Beijing,	  where	  
fast-­‐paced	  development	  has	  already	  destroyed	  much	  of	  the	  original	  physical	  fabric	  and	  
associated	  community	  relationships.	  Replaced	  only	  by	  generic	  architecture,	  this	  
phenomenon	  has	  been	  condemned	  by	  many	  professionals	  and	  academics	  who	  promote	  
conservation	  of	  the	  historic	  courtyard	  houses,	  or	  hutongs.	  The	  reality	  is	  not	  so	  black	  and	  
white	  however.	  Xu	  Weiguo	  explains	  “Without	  proper	  drainage	  systems	  nor	  hygiene	  
facilities	  for	  basic	  human	  needs,	  people	  who	  live	  in	  old	  hutongs	  all	  wish	  to	  move	  to	  
spacious,	  bright,	  and	  clean	  buildings	  elsewhere.”34	  Many	  western	  proponents	  of	  historic	  
preservation	  do	  not	  account	  for	  the	  more	  pressing	  problems	  of	  poverty,	  starvation	  and	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homelessness.	  Xu	  Weiguo	  continues	  to	  state,	  “Had	  we	  stubbornly	  kept	  all	  houses	  and	  
hutongs,	  it	  would	  have	  stunted	  the	  development	  of	  Beijing.”35	  Striking	  a	  morally	  sound	  
balance	  between	  preservation	  and	  progress	  is	  a	  fragile	  affair	  that	  varies	  from	  place	  to	  
place.	  Mounting	  ethical	  pressures	  for	  new	  construction	  emphasize	  the	  need	  for	  
conservation	  policy	  to	  address	  the	  desires	  of	  local	  residents	  before	  foreign	  authorities.	  
	   3.4	   Participatory	  Processes	  
	   Noted	  by	  Rodrigo-­‐Cervantes	  in	  her	  work	  on	  urban	  conservation	  in	  Mexican	  
colonial	  cities,	  fixed	  approaches	  to	  conservation	  hold	  a	  certain	  desperate	  appeal	  in	  
developing	  countries	  “because,	  under	  conditions	  of	  almost	  perpetual	  economic	  
recession,	  the	  historic	  fabric	  is	  seen	  as	  a	  resource	  to	  sustain	  local	  economies,	  even	  
though	  inflexible	  preservation	  approaches	  of	  the	  heritage	  model	  have	  also	  left	  negative	  
impacts.”36	  Accordingly,	  a	  range	  of	  pertinent	  solutions	  needs	  to	  be	  established	  to	  
identify	  how	  total	  dilapidation	  of	  the	  built	  patrimony	  can	  be	  avoided	  without	  superficial	  
commodification,	  and	  how	  the	  urban	  form	  can	  continue	  to	  meet	  present	  demands.	  
Public	  participation	  in	  planning	  processes	  may	  be	  the	  only	  way	  such	  intimately	  adapted	  
policies	  can	  be	  realized.	  To	  this	  end,	  the	  Getty	  Conservation	  Institute	  and	  Australian	  
National	  Heritage	  have	  forwarded	  a	  ‘values’	  approach	  synthesizing	  interdisciplinary	  
qualitative	  techniques	  including	  constituency	  analysis,	  mental	  mapping,	  inquiry	  by	  
design,	  and	  rapid	  ethnographic	  appraisal	  procedures	  (REAP).37	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   3.5	   Complexity	  Requires	  Multiplicity	  
	   In	  concert	  with	  the	  human	  geography	  literature,	  the	  urban	  design	  literature	  
signals	  the	  need	  for	  localized	  development	  theory,	  especially	  in	  developing	  countries.	  
The	  inability	  of	  the	  Compact	  City	  model	  to	  adjust	  to	  countless	  developing	  world	  contexts	  
and	  the	  disqualification	  of	  any	  universal	  target	  density	  (let	  alone	  urban	  morphology)	  
undermine	  the	  desirability	  of	  a	  comprehensive	  unifying	  theory.	  The	  same	  can	  be	  said	  of	  
conservation	  policy,	  for	  the	  contemporary	  requirements	  of	  every	  urban	  locale	  are	  as	  
matchless	  as	  the	  history	  of	  that	  locale	  worth	  conserving.	  To	  accommodate	  this	  
multiplicity,	  development	  theories	  must	  be	  specified	  to	  the	  unique	  ecological,	  economic	  
and	  social	  aspects	  of	  the	  place	  they	  theorize.	  To	  do	  so,	  they	  must	  incorporate	  essential	  
understandings	  sourced	  from	  the	  public	  through	  genuinely	  participatory	  processes.	  
4.0	   Traditional	  Tools	  of	  Urban	  Planning	  and	  Management	  
	   4.1	   The	  Masterplan	  
	   The	  discipline	  of	  urban	  planning	  was	  born	  in	  the	  thresher	  of	  the	  industrial	  
revolution.	  Lacking	  previous	  design,	  the	  cities	  of	  this	  period	  were	  devastatingly	  
crowded.	  Nearly	  non-­‐existent	  infrastructures	  were	  overwhelmed	  by	  the	  sewage	  of	  men	  
and	  horses	  alike.	  The	  resulting	  public	  health	  was	  a	  debasement;	  in	  1850	  John	  Snow	  
determined	  that	  a	  single	  water	  pump	  on	  Broad	  Street	  in	  London	  infected	  hundreds	  with	  
cholera.	  Such	  pressures	  combined	  with	  the	  newfound	  ability	  for	  technological	  expansion	  




comprehensive	  planning.38	  Since	  this	  unruly	  inception,	  the	  master	  plan	  has	  been	  the	  
preeminent	  tool	  of	  urban	  planning.	  
	   The	  conventional	  qualities	  of	  the	  master	  plan	  are	  implied	  by	  its	  name,	  an	  aerial	  
perspective	  of	  the	  entire	  city	  identifying	  streets,	  open	  space	  and	  typologies	  of	  use.	  This	  
notion	  was	  taken	  to	  its	  extreme	  by	  the	  mid-­‐century	  modernists	  who	  sought	  to	  control	  
the	  city	  through	  rationality	  by	  ordering	  areas	  of	  allegedly	  disharmonious	  function	  into	  
distinct	  silos.	  This	  legacy	  endures	  in	  typical	  zoning	  designations	  such	  as	  ‘industrial’,	  
‘commercial’,	  ‘residential’	  and	  the	  philosophically	  contradictory	  but	  increasingly	  popular	  
‘mixed-­‐use’.	  
	   4.2	   The	  Transect	  
	   The	  limitations	  of	  a	  singular	  aerial	  perspective	  are	  indirectly	  criticized	  by	  Andres	  
Duany	  and	  Jeff	  Speck’s	  proposition	  of	  an	  alternative	  organizing	  tool,	  the	  transect.39	  The	  
transect	  is	  principally	  a	  vertical	  slice	  through	  the	  city	  stretching	  from	  rural	  hinterlands	  to	  
the	  dense	  urban	  core.	  Displayed	  this	  way,	  the	  authors	  claim	  development	  patterns	  
reveal	  a	  more	  nuanced	  integration	  of	  natural	  environments,	  constructed	  landscapes	  and	  
built	  form	  than	  is	  visible	  in	  most	  master	  plans.	  A	  sectional	  perspective	  further	  lends	  
itself	  to	  the	  documentation	  of	  interstitial	  space	  between	  buildings.	  Seaside,	  Florida,	  a	  
form-­‐prescriptive	  small	  town	  with	  pedestrian	  dominated	  streets	  and	  a	  utopian	  aesthetic	  
epitomizes	  the	  New	  Urbanist	  emphasis	  on	  the	  quality	  of	  the	  public	  realm.	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   While	  the	  transect	  may	  indeed	  be	  a	  more	  descriptive	  tool	  than	  the	  master	  plan,	  
both	  remain	  isolated	  to	  a	  static	  two	  dimensions.	  Even	  when	  paired	  with	  cutting-­‐edge	  
construction	  techniques	  and	  infrastructural	  technologies,	  operating	  in	  only	  two	  
dimensions	  innately	  limits	  the	  flexibility	  of	  urban	  designs.	  Dana	  Cuff,	  founding	  director	  
of	  UCLA’s	  cityLAB,	  calls	  out	  Foster	  +	  Partners’s	  supposedly	  progressive	  and	  sustainable	  
Mazdar	  city	  in	  Abu	  Dhabi	  as	  “the	  same	  as	  Seaside,	  ironically,	  because	  it	  lays	  down	  at	  a	  
single	  moment	  in	  time	  the	  vision	  of	  what	  the	  city	  is	  intended	  to	  be,	  which	  is	  inherently	  
inadequate,	  because	  there	  will	  inevitably	  be	  different	  economic	  and	  political	  conditions	  
in	  the	  future.”40	  
	   The	  overarching	  directive	  of	  the	  New	  Urbanist	  movement	  as	  stated	  in	  the	  Smart	  
Growth	  Manual	  is	  that	  “new	  places	  should	  be	  designed	  in	  the	  manner	  of	  existing	  places	  
that	  work.”41	  There	  is	  indisputably	  value	  in	  weighing	  new	  concepts	  against	  the	  best	  of	  
the	  old.	  Nevertheless,	  this	  aim	  misses	  one	  crucial	  truth–the	  circumstances	  under	  which	  
existing	  successful	  places	  were	  designed	  and	  implemented	  are	  fundamentally	  different	  
from	  current	  circumstances	  of	  urbanization	  that	  have	  no	  precedent	  whatsoever	  in	  
either	  scale	  or	  method.	  The	  central	  argument	  of	  this	  thesis	  is	  that	  the	  rigid	  technologies	  
of	  the	  master	  plan	  and	  transect	  are	  long	  overdue	  for	  replacement,	  and	  that	  we	  now	  
have	  the	  computational	  capacity	  to	  design	  and	  analyze	  hypothetical	  urbanisms	  which	  
not	  only	  operate	  in	  three	  dimensional	  space,	  but	  also	  incorporate	  the	  all-­‐important	  
fourth	  dimension	  of	  time.	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5.0	   Emerging	  Tools	  of	  Urban	  Planning	  and	  Management	  
 Computational	  capacity	  has	  empowered	  technologies	  that	  dwarf	  in	  variability	  
the	  conventional	  master	  plan	  and	  transect.	  That	  is	  not	  to	  say	  nothing	  can	  be	  learned	  
from	  these	  tools.	  Master	  plans	  are	  typically	  not	  conceived	  of	  as	  deterministic,	  but	  
diagrammatic	  guides	  to	  underlying	  organizing	  principles	  of	  the	  city	  that	  foster	  the	  
emergence	  of	  more	  complex	  interrelations.	  This	  perception	  of	  the	  city	  not	  as	  object,	  but	  
as	  an	  organic	  growth	  of	  intersecting	  conditions	  and	  flows	  is	  an	  inheritance	  perpetuated	  
by	  the	  emerging	  technologies	  that	  follow.	  	  
	   5.1	   Climate	  Modeling	  
	   Although	  anticipating	  climate	  patterns	  has	  been	  key	  to	  survival	  since	  the	  dawn	  of	  
man,	  only	  as	  recently	  as	  the	  twentieth	  century	  did	  weather	  prediction	  begin	  to	  resemble	  
a	  hard	  science.	  In	  1922,	  forefather	  of	  contemporary	  meteorology	  Lewis	  Fry	  Richardson	  
published	  “Weather	  Prediction	  by	  Numerical	  Process.”	  Therein,	  he	  envisioned	  
auditoriums	  filled	  with	  thousands	  of	  mathematicians	  performing	  prognostic	  fluid	  
dynamics	  calculations	  and	  passing	  along	  the	  results,	  racing	  to	  generate	  forecasts	  before	  
reality	  caught	  up.42	  Of	  course,	  this	  never	  came	  to	  pass.	  It	  was	  not	  until	  the	  1950s	  that	  
the	  completion	  of	  huge	  numbers	  of	  equations	  required	  was	  made	  feasible	  by	  
computers.	  To	  this	  day,	  digital	  technology	  remains	  the	  lynchpin	  enabling	  the	  bulk	  of	  
climate	  science.	  Digital	  climate	  models	  run	  the	  gamut	  of	  complexity	  from	  relatively	  
simple	  radiant	  heat	  transfer	  models	  which	  treat	  the	  earth	  as	  a	  single	  point	  and	  average	  
outgoing	  energy,	  to	  atmosphere-­‐ocean-­‐sea	  ice	  global	  models	  which	  discretize	  and	  solve	  
                                                




the	  entire	  equations	  for	  mass	  and	  energy	  transfer	  and	  radiant	  exchange.	  Other	  types	  of	  
modeling,	  such	  as	  land	  use,	  have	  been	  linked	  to	  assist	  researchers	  in	  quantifying	  
interactions	  between	  climate	  and	  ecosystems.43	  Anyone	  who	  resides	  in	  mountainous	  
regions	  knows	  all	  too	  well	  that	  even	  the	  best	  informed	  climate	  predictions	  often	  don’t	  
tally	  precisely	  with	  experience	  due	  to	  the	  complexity	  and	  chaos	  of	  atmospheric	  systems.	  
Still,	  the	  looming	  threat	  of	  global	  climate	  change	  has	  made	  improving	  the	  accuracy	  of	  
these	  models	  a	  point	  of	  scientific	  priority.	  
	   With	  respect	  to	  urbanity,	  associated	  technologies	  can	  be	  leveraged	  to	  model	  the	  
impact	  of	  cities	  on	  their	  greater	  climates,	  the	  impact	  of	  greater	  climates	  on	  cities	  as	  a	  
whole,	  and	  the	  impact	  of	  urban	  morphology	  on	  urban	  microclimates.	  Parametric	  
analytical	  models	  relating	  variables	  such	  as	  regional	  humidity,	  temperature,	  pressure	  
differentials,	  and	  air	  and	  water	  currents	  among	  many	  other	  factors	  offer	  precise	  images	  
of	  urban	  environmental	  conditions.	  These	  images	  are	  based	  on	  objectively	  recorded,	  
potentially	  real-­‐time	  data	  rather	  than	  mere	  teleology.	  Immense	  automated	  sensory	  
networks	  detecting	  minor	  and	  major	  fluctuations	  in	  the	  variables	  listed	  above	  are	  
already	  active	  in	  most	  of	  the	  world’s	  major	  cities.44	  
	   Tremendously	  significant	  to	  urban	  design	  endeavors,	  the	  same	  models	  used	  to	  
analyze	  existing	  urban	  environmental	  conditions	  can	  be	  adapted	  to	  measure	  the	  effects	  
alterations	  in	  urban	  form	  have	  on	  environmental	  conditions.	  These	  effects	  need	  not	  be	  
measured	  at	  a	  single	  point	  in	  time,	  but	  can	  be	  extrapolated	  over	  the	  course	  of	  a	  day,	  
month,	  year,	  decade	  or	  century.	  Moreover,	  these	  effects	  can	  be	  placed	  in	  a	  variety	  of	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contexts	  and	  thus	  evaluated	  against	  trends	  of	  constant,	  gradual,	  or	  dramatic	  climatic	  
change.	  Not	  only	  does	  the	  parametric	  nature	  of	  the	  digital	  medium	  permit	  climate	  
scenarios	  to	  be	  varied,	  but	  also	  various	  three	  dimensional	  urban	  morphologies	  to	  be	  
tested	  iteratively.	  The	  benefits	  of	  such	  adaptable	  processes	  are	  twofold.	  
	   Firstly,	  urban	  forms	  can	  be	  modeled	  so	  as	  to	  better	  the	  comfort	  of	  urban	  
microclimates.	  Following	  their	  research	  on	  environment	  and	  climate	  responsive	  design	  
de	  Schiller,	  Bentley	  and	  Watson	  conclude:	  “Changes	  in	  physical	  variables…have	  a	  clear	  
impact	  on	  users	  of	  urban	  spaces	  considering	  that	  outdoor	  comfort	  is	  related	  to	  and	  
modifies	  pedestrian	  behavior,”	  and	  subsequently	  “conditions	  in	  outdoor	  spaces	  in	  cities	  
are	  likely	  to	  affect	  the	  urban	  quality,	  as	  well	  as	  the	  economic	  value	  and	  commercial	  
success	  of	  whole	  urban	  sectors.”45	  The	  physical	  variables	  in	  question	  include	  placement,	  
massing	  and	  materiality.	  If	  manipulated	  so	  as	  to	  make	  urban	  spaces,	  especially	  those	  in	  
the	  public	  realm,	  more	  climatically	  comfortable,	  inhabitants	  will	  be	  more	  likely	  to	  spend	  
time	  producing,	  consuming,	  exchanging	  and	  observing	  within	  them.	  In	  short,	  practically	  
all	  of	  the	  activities	  that	  make	  for	  prosperous	  cities	  will	  benefit.	  	  
	   Secondly,	  urban	  forms	  can	  be	  modeled	  so	  as	  to	  reduce	  the	  energy	  required	  to	  
maintain	  interior	  and	  exterior	  climatic	  comfort.	  The	  aforementioned	  authors	  claim	  that	  
energy	  reductions	  in	  the	  built	  environment	  can	  be	  proportionally	  larger	  on	  the	  global	  
scale	  than	  in	  other	  sectors.	  The	  IPCC	  study	  describes	  potential	  energy	  savings	  and	  
reductions	  of	  greenhouse	  gas	  emissions	  of	  25%	  for	  residential	  retrofitting,	  50%	  for	  
commercial	  retrofitting	  and	  75%	  for	  new	  buildings.	  Comparable	  figures	  are	  15%	  for	  
                                                




transport,	  15%	  for	  new	  vehicles,	  13-­‐40%	  for	  industry	  and	  15-­‐20%	  for	  conventional	  
energy	  production.46	  While	  aerial	  pollution	  and	  acid	  rain	  are	  two	  of	  the	  better-­‐known	  
results	  of	  energy	  use	  in	  urban	  areas	  standing	  to	  be	  mitigated	  by	  increased	  efficiency,	  
decreases	  in	  the	  urban	  heat	  island	  effect	  may	  also	  help	  to	  ameliorate	  global	  warming.47	  
	   All	  things	  considered,	  digital	  technologies	  permit	  a	  newly	  attuned	  interpretation	  
of	  environmental	  conditions	  based	  on	  local	  data.	  They	  additionally	  allow	  the	  iterative	  
testing	  of	  multiple	  urban	  forms	  against	  this	  data,	  leading	  to	  enhanced	  environmental	  
conditions	  both	  within	  and	  without	  the	  city	  as	  well	  as	  extreme	  savings	  in	  energy	  and	  
greenhouse	  gas	  emissions.	  Finally,	  for	  purely	  economic	  argumentation	  they	  support	  
detailed	  valuations	  of	  nature	  and	  ecosystem	  services	  summing	  to	  billions	  of	  dollars.48	  
	   5.2	   Allocating	  Development	  Potential	  
	   Different	  from	  the	  morphologic	  adaptations	  of	  climate	  models,	  there	  are	  a	  host	  
of	  digital	  methods	  for	  determining	  areas	  of	  development	  potential,	  allocating	  target	  
densities,	  and	  optimizing	  infrastructure.	  Though	  other	  techniques	  exist,	  the	  following	  
pages	  will	  summarize	  the	  possibilities	  by	  surveying	  two	  case	  studies	  utilizing	  cellular	  
automata	  and	  bulk	  infrastructure	  cost	  mapping.	  In	  common	  with	  the	  climate	  models,	  
these	  models	  are	  based	  on	  empirical	  data.	  
                                                
46	  Intergovernmental	  Panel	  on	  Climate	  Change	  and	  Intergovernmental	  Panel	  on	  Climate	  Change,	  Climate	  
Change. 
47	  Zetter	  and	  Watson,	  Designing	  Sustainable	  Cities	  in	  the	  Developing	  World.	  




	   	   5.2.1	   Cellular	  Automata	  
	   Citing	  the	  lack	  of	  proper	  tools	  to	  ensure	  successful	  implementation	  of	  compact	  
development	  due	  to	  the	  problem’s	  complexity,	  Anthony	  Gar-­‐on	  Yeh	  and	  Xia	  Li	  designed	  
a	  cellular	  automata	  model	  for	  land-­‐use	  simulation	  in	  China’s	  Pearl	  River	  Delta.	  Cellular	  
automata	  (CA)	  were	  developed	  in	  the	  1940’s	  by	  Ulam	  and	  soon	  thereafter	  progressed	  
by	  Von	  Neumann	  to	  study	  the	  logical	  nature	  of	  self-­‐reproducible	  systems.49	  A	  CA	  system	  
typically	  is	  composed	  of	  four	  elements-­‐	  cells,	  states,	  neighborhood	  and	  rules.	  Cells	  are	  
the	  most	  reducible	  units.	  Neighborhoods	  comprise	  adjacent	  or	  proximal	  cells.	  Transition	  
rules	  dictate	  the	  state	  of	  a	  cell	  based	  on	  the	  terms	  of	  neighborhood	  functions.	  The	  
power	  of	  CA	  models	  is	  that	  the	  states	  of	  neighboring	  cells	  influence	  the	  state	  of	  the	  
central	  cell.50	  Simply,	  this	  system	  can	  be	  imagined	  as	  a	  3	  x	  3	  grid,	  in	  which	  the	  
distribution	  of	  states	  in	  the	  perimeter	  cells	  governs	  the	  probability	  of	  a	  particular	  state	  
in	  the	  central	  cell	  (Fig.	  1).	  CA	  is	  an	  appropriate	  tool	  for	  modeling	  compact	  development	  
because	  it	  is	  essentially	  neighborhood-­‐based.	  
	  	  
	  
Fig.	  1:	  Anthony	  Gar-­‐on	  Yeh	  and	  Xia	  Li,	  The	  basic	  principle	  of	  cellular	  automata,	  2000,	  Compact	  Cities,	  83. 
                                                








IF any neighborhood cell {x±1,y±1}
is already developed
THEN p{x,y}=ɇij ̄ ɰ p{i,j}/8
&
IF p{x,y} > some threshold value
THEN central cell {x,y} is developed
where p{x,y} is the development
probability for the central cell {x,y}
and cells {i,j} are all the cells which form
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  The	  Pearl	  River	  Delta	  contains	  a	  number	  of	  cities	  posed	  to	  merge	  with	  Hong	  
Kong	  and	  create	  a	  megalopolis	  reminiscent	  of	  Tokyo	  or	  the	  Boston/Washington	  D.C.	  
corridor.	  Of	  particular	  interest	  among	  these	  cities	  is	  the	  captivating	  ‘instant	  city’	  of	  
Shenzhen,	  which	  has	  exploded	  from	  a	  humble	  fishing	  village	  of	  30,000	  in	  the	  late	  1970s	  
to	  now	  nearly	  10	  million	  inhabitants.51	  Historically	  large	  cities	  have	  long	  traditions	  of	  
urban	  planning	  and	  management,	  but	  those	  newly	  upgraded	  from	  rural	  settlements	  do	  
not	  yet	  have	  the	  proper	  institutions	  in	  place.	  Central	  and	  provincial	  governments	  have	  
to	  rely	  on	  local	  governments	  to	  report	  the	  amount	  of	  agricultural	  land	  lost	  to	  
development.	  These	  figures	  are	  often	  falsely	  low	  because	  some	  land	  is	  sold	  or	  used	  
illegally.52	  Remote	  sensing	  and	  GIS	  can	  provide	  reliable	  means	  of	  monitoring,	  but	  these	  
tools	  have	  not	  been	  used	  in	  the	  Pearl	  River	  Delta.	  After	  the	  fact,	  when	  the	  analysis	  of	  
remote	  sensing	  images	  was	  compared	  with	  official	  reports,	  it	  was	  found	  that	  agricultural	  
land	  loss	  was	  under-­‐reported	  by	  61.3%	  between	  1988	  and	  1993.53	  This	  discrepancy	  
emphasizes	  the	  need	  for	  more	  intentional	  development	  practice	  and	  policy.	  
	   Minimizing	  agricultural	  land	  loss	  can	  be	  achieved	  by	  expanding	  the	  matrix	  of	  a	  
simple	  CA	  model	  to	  cover	  the	  geographic	  region.	  Implemented	  within	  the	  ARC/INFO	  
GRID	  environment,	  the	  CA	  model	  has	  convenient	  access	  to	  information	  in	  the	  GIS	  
database	  including	  land-­‐use	  maps,	  soil	  maps	  and	  economic	  data.	  A	  circular	  
neighborhood	  was	  used	  to	  calculate	  the	  development	  probability	  for	  each	  cell	  as	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determined	  by	  three	  parameters.	  The	  first	  is	  the	  local	  constraint	  of	  agricultural	  
suitability,	  obtained	  by	  interpreting	  soil,	  slope	  and	  aspect	  maps,	  and	  inversely	  related	  to	  
development	  potential.	  The	  second	  is	  the	  regional	  constraint	  of	  land	  resources	  available	  
around	  towns.	  The	  percentage	  of	  vacant	  land	  available	  to	  towns	  was	  calculated	  using	  
satellite	  remote	  sensing	  data;	  those	  with	  a	  higher	  percentage	  of	  available	  land	  were	  
allowed	  higher	  development	  potentials.	  The	  third	  is	  the	  global	  constraint	  of	  the	  amount	  
of	  land	  consumption	  for	  different	  planning	  periods.	  For	  instance	  early,	  developing	  or	  
mature.	  The	  purpose	  of	  this	  constraint	  is	  to	  control	  land	  consumption	  across	  time.	  
Optimal	  amounts	  of	  land	  consumption	  for	  each	  period	  were	  sourced	  from	  an	  ‘equity’	  
model	  according	  to	  the	  criteria	  of	  sustainable	  development,	  and	  the	  CA	  simulation	  
stopped	  for	  each	  cell	  when	  urban	  growth	  reached	  its	  optimal	  land	  consumption.54	  If	  
updated	  with	  real	  land-­‐use	  changes	  detected	  from	  remote	  sensing,	  this	  model	  could	  
speculatively	  have	  also	  been	  made	  to	  adapt	  to	  existing	  conditions	  in	  real-­‐time.	  
	   When	  the	  CA	  model	  was	  run	  for	  the	  period	  of	  1988	  to	  1993	  and	  compared	  to	  
satellite	  images	  of	  the	  actual	  development	  that	  had	  been	  undertaken	  during	  that	  time,	  
it	  was	  revealed	  that	  only	  about	  one-­‐fifth	  of	  the	  actual	  land	  conversion	  occurred	  on	  the	  
locations	  expected	  by	  the	  simulation.	  Both	  the	  model	  and	  reality	  experienced	  the	  same	  
amount	  of	  gross	  development,	  therefore	  it	  is	  implied	  that	  had	  the	  model	  been	  used	  to	  
direct	  development	  proactively,	  a	  large	  proportion	  of	  the	  actual	  agricultural	  land	  
converted	  (up	  to	  80.7%)	  could	  have	  been	  preserved.55	  






	   	   5.2.2	   Bulk	  Infrastructure	  Cost	  Mapping	  
	   Arguments	  for	  and	  against	  most	  urban	  typologies	  have	  been	  presented	  from	  
many	  different	  angles,	  ranging	  from	  their	  experiential	  natures	  to	  their	  economic	  
potentials.	  Yet,	  few	  are	  based	  on	  empirical	  evidence	  and	  fewer	  still	  include	  engineering	  
services	  infrastructure	  costs.	  In	  the	  rare	  cases	  where	  engineering	  services	  costs	  are	  
considered,	  they	  are	  usually	  calculated	  by	  applying	  a	  constant	  cost	  per	  person	  rate	  to	  
hypothetical	  prototypes.56	  This	  crude	  process	  neglects	  any	  differential	  costs	  between	  
locations	  resulting	  from	  existing	  infrastructural	  facilities	  or	  environmental	  factors.	  
Actual	  differentials	  can	  be	  highly	  counterintuitive-­‐	  one	  might	  think	  developing	  green	  
field	  sites	  more	  economical	  due	  to	  the	  negation	  of	  remediation	  costs,	  but	  truly	  the	  
cheapest	  places	  to	  build,	  in	  terms	  of	  the	  costs	  of	  infrastructure,	  are	  those	  where	  
infrastructures	  with	  excess	  capacity	  already	  exist.	  To	  avoid	  the	  significant	  inaccuracies	  
caused	  by	  applying	  a	  flat	  per-­‐person	  coefficient	  sourced	  from	  one	  of	  innumerable	  
disagreeing	  studies,	  Sharon	  Biermann	  has	  developed	  an	  algorithmic	  bulk	  infrastructure	  
potential	  cost	  model	  utilizing	  empirical	  data.	  
	   Biermann’s	  model	  relates	  the	  three	  basic	  elements	  of	  threshold,	  density	  and	  
cost.	  The	  theory	  and	  technique	  of	  threshold	  analysis	  originated	  out	  of	  the	  work	  of	  
Malisz	  (1969),	  Kozlowski	  (1971)	  and	  the	  United	  Nations	  (1977).57	  The	  foundational	  
premise	  is	  that	  towns	  encounter	  physical	  limitations	  to	  their	  spatial	  growth	  in	  the	  form	  
of	  either	  natural	  conditions	  such	  as	  topography,	  or	  man-­‐made	  conditions	  such	  as	  public	  
utility	  network	  systems.	  Limits	  or	  thresholds,	  directly	  proportionate	  to	  the	  size	  of	  the	  






infrastructure,	  exist	  because	  of	  the	  fact	  that	  infrastructure	  has	  physical	  dimensions	  e.g.	  
pipe	  diameter	  or	  reservoir	  volume.	  These	  limitations	  are	  not	  ultimate,	  but	  entail	  
disproportionate	  capital	  investment	  to	  overcome.	  When	  new	  units	  of	  development	  
cannot	  be	  constructed	  or	  serviced	  at	  their	  previous	  unit	  costs	  and	  entail	  substantial	  
extra	  outlays,	  a	  threshold	  is	  said	  to	  occur.	  Graphically,	  the	  presence	  of	  a	  threshold	  is	  
indicated	  either	  by	  a	  discontinuity	  in	  the	  marginal	  cost	  curve	  of	  urban	  development.	  
Threshold	  analysis	  is	  concerned	  with	  those	  physical	  attributes	  of	  an	  area	  affecting	  
significant	  differentiation	  in	  the	  unit	  cost	  of	  future	  urban	  development	  and	  deals	  only	  
with	  costs	  that	  vary	  by	  location.	  The	  relationship	  between	  density	  and	  threshold	  
dictates	  whether	  or	  not	  additional	  infrastructural	  expenditure	  is	  necessary	  to	  
accommodate	  more	  people.58	  
	   The	  medium	  by	  which	  threshold,	  density	  and	  cost	  are	  incorporated	  into	  the	  
model	  is	  mainly	  capacity	  analysis	  (Fig.	  2).	  Calibrated	  density	  levels	  can	  be	  converted	  into	  
the	  additional	  number	  of	  person	  units	  required	  per	  sub-­‐area,	  which	  in	  turn	  can	  be	  
translated	  into	  infrastructure	  capacity	  demand	  figures,	  depending	  upon	  the	  amount	  of	  
services	  desired.	  Infrastructure	  thresholds	  are	  equivalent	  to	  the	  design	  capacities	  of	  the	  
various	  components	  of	  the	  infrastructure	  system.	  The	  quantitative	  comparison	  of	  
capacity	  demand	  to	  capacity	  supply	  determines,	  first,	  if	  additional	  infrastructure	  is	  
required	  and,	  second,	  how	  much	  infrastructure	  is	  required.	  Base	  cost	  per	  infrastructure	  
investment	  units	  is	  automatically	  related	  to	  local	  environmental	  conditions	  (geology,	  soil	  
type,	  slope	  and	  ecological	  sensitivity)	  all	  of	  which	  are	  described	  in	  GIS	  databases.	  





Thereby,	  the	  capital	  costs	  associated	  with	  engineering	  services	  including	  water,	  
sanitation	  and	  electricity	  are	  represented	  spatially.	  Updating	  the	  inputs	  of	  target	  
densities,	  infrastructure	  investment	  unit	  costs	  and	  environmental	  factors	  can	  adapt	  the	  
model	  to	  changing	  conditions	  over	  time.59	  
	  
Fig.	  2:	  Sharon	  Biermann,	  The	  three	  pillars	  of	  the	  ‘bulk	  infrastructure	  cost	  model’	  and	  their	  interaction	  
mechanisms,	  2000,	  Compact	  Cities,	  299. 
 
 
	   These	  cost	  maps	  can	  be	  incorporated	  with	  other	  land	  suitability	  criteria,	  using	  
multi-­‐criteria	  evaluation	  techniques	  combined	  with	  GIS,	  to	  predict	  the	  relative	  
development	  potential	  of	  different	  areas	  in	  a	  real	  world	  setting.	  Independently,	  they	  can	  
also	  be	  used	  to	  substantiate	  debates	  about	  the	  cost-­‐effectiveness	  of	  different	  urban	  
forms.	  Financially,	  they	  can	  be	  used	  to	  incentivize	  private	  developers	  towards	  preferred	  
urban	  forms.	  If	  the	  relative	  disparity	  in	  the	  cost	  of	  servicing	  proposed	  and	  ideal	  forms	  of	  
development	  can	  be	  accurately	  calculated	  (and	  Biermann’s	  model	  shows	  that	  they	  can)	  
then	  localities	  can	  charge	  developers	  who	  propose	  less-­‐than-­‐ideal	  forms	  of	  

















development	  for	  the	  difference.	  Normally,	  the	  provision	  of	  infrastructure	  to	  private	  
developments	  would	  be	  financed	  by	  public	  tax	  revenue,	  regardless	  of	  whether	  or	  not	  
the	  development	  in	  question	  represents	  an	  efficient	  use	  of	  those	  funds.	  By	  economically	  
disincentivizing	  wasteful	  infrastructure,	  public	  monies	  can	  be	  saved	  for	  more	  utilitarian	  
purposes	  and	  more	  sustainable	  urban	  forms	  can	  be	  constructed.	  
	   5.3	   City	  Information	  Modeling	  
	   Building	  information	  modeling	  (BIM)	  is	  a	  technology	  embedding	  engineering	  
systems,	  structural	  analysis,	  material	  science,	  costing,	  scheduling	  and	  construction	  
information	  into	  an	  architectural	  model.	  In	  the	  opinion	  of	  Branko	  Koralevic	  “the	  most	  
profound	  aspect	  of	  much	  of	  the	  contemporary	  architecture”,	  such	  automation	  has	  a	  
“newfound	  ability	  to	  generate	  construction	  information	  directly	  from	  design	  
information.”60	  One	  dimension	  of	  the	  power	  of	  this	  technology	  is	  exhibited	  by	  the	  
evidenced	  constructability	  of	  such	  outrageous	  forms	  as	  those	  found	  in	  the	  architecture	  
of	  Frank	  Gehry	  or	  Daniel	  Libeskind.	  Among	  the	  most	  promising	  features	  of	  parametric	  
urbanism	  is	  the	  still	  very	  nascent	  adaptation	  of	  BIM	  to	  the	  urban	  scale	  in	  the	  technology	  
of	  city	  information	  modeling	  (CIM).	  There	  are	  few	  examples	  as	  of	  yet,	  but	  one	  firm	  
which	  utilizes	  the	  principles	  of	  CIM	  to	  analyze	  the	  relative	  connectivity,	  or	  integration	  
and	  segregation,	  of	  urban	  areas	  is	  Bill	  Hillier’s	  Space	  Syntax.61	  Space	  Syntax	  boasts	  a	  
handful	  of	  projects	  successfully	  leveraging	  parametric	  circulation	  models	  to	  validate	  
redesigns	  of	  urban	  spaces	  that	  improve	  pedestrian	  access	  with	  striking	  economic	  and	  
                                                





social	  outcomes.	  Theoretically,	  alike	  parametric	  analysis	  of	  vehicular	  circulation	  
networks	  could	  help	  to	  optimize	  transport	  efficiency	  and	  coverage.	  The	  same	  analyses	  
could	  provide	  the	  bedrock	  of	  the	  models	  needed	  to	  eventually	  automate	  transit.	  
	   It	  has	  also	  been	  speculated	  that	  the	  potential	  exists	  to	  develop	  intelligent	  
building	  in	  city	  information	  models	  that	  can	  adjust	  the	  distribution	  of	  energy	  sources	  for	  
the	  city	  in	  conversation	  with	  the	  dynamic	  behavior	  of	  individual	  buildings.62	  For	  
example,	  if	  linked	  by	  an	  informational	  model,	  the	  excess	  energy	  produced	  by	  solar	  
panels	  on	  a	  building	  in	  one	  part	  of	  the	  city	  could	  be	  transferred	  to	  another	  part	  of	  the	  
city	  with	  higher	  energy	  demands	  at	  that	  point	  in	  time.	  Relationships	  can	  also	  be	  
monitored	  for	  all	  the	  other	  systems	  comprising	  the	  city	  or	  neighborhood.	  Xu	  Weiguo	  
elaborates,	  “there	  are	  many	  layers	  in	  a	  neighborhood,	  including	  drainage,	  water	  supply,	  
waste	  discharge,	  vehicle	  circulation,	  air	  conditioning,	  etc.	  All	  these	  systems	  are	  linked	  
parametrically	  in	  a	  city	  information	  model,	  so	  an	  entire	  neighborhood	  can	  be	  managed	  
efficiently.”63	  The	  feasibility	  of	  comprehensive,	  multi-­‐dimensional	  city	  information	  
models,	  never	  mind	  the	  efficiencies	  they	  may	  enable,	  have	  yet	  to	  be	  demonstrated	  and	  
so	  will	  not	  be	  discussed	  further.	  The	  question	  remains:	  “Will	  CIM	  tools	  be	  managerial,	  
analytical,	  or	  a	  way	  of	  simulating	  potential	  further	  iterations	  and	  versions	  of	  changes	  to	  
the	  city?”64	  
                                                
62	  Ibid.	  
63	  Ibid,	  52.	  




	   5.4	   Resource	  Sharing	  
	   One	  of	  the	  most	  influential	  millennial	  ideas	  to	  have	  crossed	  into	  popular	  culture	  
from	  the	  sphere	  of	  industrial	  design	  is	  that	  of	  cradle-­‐to-­‐cradle	  manufacturing.	  In	  William	  
McDonough	  and	  Michael	  Braungart’s	  manifesto,	  cradle-­‐to-­‐cradle	  design	  is	  presented	  as	  
a	  biomimetic	  approach	  based	  upon	  the	  principle	  that	  “waste	  equals	  food.”65	  The	  
authors,	  an	  architect	  and	  chemist	  respectively,	  conceive	  of	  all	  industrial	  resources	  as	  
either	  biological	  nutrients	  that	  easily	  decompose	  without	  toxic	  residue,	  or	  technical	  
nutrients	  that	  continually	  circulate	  as	  essentially	  raw	  materials	  within	  closed-­‐loop	  
industrial	  cycles.	  With	  regard	  to	  implementing	  such	  a	  standard,	  the	  authors	  recommend	  
classifying	  industrial	  substances	  according	  to	  the	  following	  criteria:	  the	  X	  list,	  the	  most	  
problematic	  to	  be	  phased	  out	  immediately;	  the	  gray	  list,	  those	  problematic	  but	  not	  
needing	  to	  be	  phased	  out	  urgently	  or	  indispensible	  to	  manufacturing	  and	  without	  viable	  
substitutes;	  and	  the	  P	  list,	  those	  preferred	  substances	  based	  on	  several	  ecological	  and	  
biological	  constraints.66	  
	   The	  categories	  listed	  are	  essentially	  parameters.	  McDonough	  and	  Braungart	  
recount	  multiple	  cradle-­‐to-­‐cradle	  projects	  undertaken	  among	  industry	  partners	  or	  a	  
small	  community	  of	  manufacturers	  and	  consultants,	  but	  stop	  short	  of	  explicitly	  scaling	  
up	  the	  model	  to	  an	  urban	  region.	  Imaginably,	  if	  entire	  industries	  databased	  their	  inputs	  
and	  outputs	  according	  to	  the	  parameters	  above,	  these	  databases	  could	  be	  networked	  
using	  communications	  technologies,	  and	  opportunities	  for	  ‘waste’	  to	  become	  ‘food’	  in	  
                                                





may	  emerge.	  As	  in	  ecosystems,	  diversification	  of	  the	  inputs	  could	  foster	  unexpected	  
symbioses	  and	  contribute	  to	  sustainable	  urban	  metabolisms.	  
	   Of	  course,	  if	  the	  circulation	  of	  any	  substances	  is	  to	  be	  sustainable,	  it	  must	  sustain	  
the	  localities	  through	  which	  it	  flows.	  The	  taxonomy	  must	  be	  tweaked	  to	  the	  particular	  
ecologically,	  economically,	  and	  socially	  determined	  allowances	  exclusive	  to	  any	  place.	  
Ferrão	  and	  Fernandez	  also	  advocate	  for	  what	  they	  term	  “resource	  accounting”	  as	  an	  
informational	  bedrock	  for	  sustainable	  urban	  metabolisms,	  but	  point	  out	  that	  likely	  the	  
greatest	  challenge	  in	  developing	  countries	  are	  fundamental	  issues	  regarding	  the	  
integrity	  of	  urban	  institutions,	  government,	  and	  fiscal	  management.67	  
	   More	  feasible	  to	  implement	  in	  developing	  regions	  are	  interpersonal	  resource	  
sharing	  programs.	  These	  programs	  are	  akin	  in	  ideology	  to	  cradle-­‐to-­‐cradle	  industrial	  
practices,	  but	  do	  not	  require	  any	  systematic	  institutional	  nor	  expensive	  manufacturing	  
overhauls,	  merely	  communication	  infrastructures.	  To	  an	  extent,	  the	  resources	  that	  
could	  circulate	  in	  such	  programs	  already	  exist;	  they	  are	  individual’s	  cars,	  bicycles,	  
computers,	  offices,	  residences	  and	  so	  on.	  In	  the	  developed	  world,	  resource-­‐sharing	  
programs	  operating	  as	  online	  social	  networks	  have	  had	  remarkable	  success	  even	  though	  
many	  participants	  are	  under	  comparatively	  much	  less	  dire	  economic	  pressures	  to	  share	  
goods.	  Car-­‐shares	  are	  proliferating	  in	  pedestrian	  oriented	  cities,	  reducing	  the	  number	  of	  
trips	  taken	  by	  car	  as	  well	  as	  the	  bulk	  of	  raw	  materials	  locked	  up	  in	  redundant	  vehicles.	  
Similar	  trends	  gaining	  popularity	  are	  office	  sharing,	  through	  which	  office	  space	  is	  leased	  
to	  secondary	  businesses	  during	  off	  hours,	  and	  house	  sharing	  or	  vacation	  home	  rentals,	  
                                                




both	  of	  which	  help	  somewhat	  to	  reduce	  the	  inefficiency	  of	  material	  and	  infrastructure	  
represented	  by	  regularly	  unoccupied	  structures.	  The	  overwhelming	  majority	  of	  these	  
resource-­‐sharing	  partnerships	  are	  negotiated	  via	  web-­‐based	  interfaces.	  
	   Resource	  accounting	  and	  sharing,	  when	  tailored	  to	  local	  industries,	  resources,	  
ecologies,	  practices	  and	  cultures,	  can	  aid	  in	  the	  establishment	  of	  closed,	  locally	  
sustainable	  production/consumption	  loops,	  or	  at	  least	  optimize	  resource	  use.	  
	   5.5	  Technologic	  Localization	  
	   The	  unifying	  characteristic	  of	  the	  digital	  technologies	  discussed–climate	  models,	  
cellular	  automata,	  bulk	  infrastructure	  cost	  mapping,	  city	  information	  models	  and	  
resource-­‐sharing	  networks–is	  that	  all	  are	  composed	  of	  empirical	  data.	  Whether	  
ecological	  information,	  infrastructural	  dimensions	  or	  quantified	  accounts	  of	  resources,	  
all	  of	  this	  data	  describes	  a	  precise	  place	  and	  is,	  in	  total,	  unique	  to	  that	  place.	  Therefore,	  
the	  models	  composed	  of	  this	  data	  are	  by	  their	  very	  nature	  unique	  to	  the	  precise	  places	  
they	  simulate.	  Digital	  models	  calibrated	  to	  local	  parameters	  provide	  specifically	  
relevant,	  place-­‐based	  interpretations	  of	  developmental	  conditions	  and	  potentials	  that	  
are	  radically	  more	  useful	  than	  the	  interpretations	  provided	  by	  global	  hegemonic	  
discourse.	  
6.0	   Developing	  Kigali,	  Rwanda	  
 The	  city	  of	  Kigali	  is	  by	  all	  accounts	  a	  fascinating	  case	  study.	  Under	  the	  leadership	  
of	  president	  Paul	  Kagame,	  Rwanda	  has	  risen	  from	  the	  horrific	  ashes	  of	  the	  genocide	  to	  




Africa.	  The	  epicenter	  of	  the	  social	  and	  political	  upheaval	  culminating	  in	  1994,	  Kigali	  itself	  
has	  been	  converted	  into	  a	  node	  of	  international	  trade	  and	  tourism.	  Even	  amid	  the	  
exceptional	  convergence	  of	  circumstances	  that	  is	  Rwanda,	  Kigali	  is	  distinctive.	  Rwanda	  is	  
a	  densely	  populated	  nation,	  with	  upwards	  of	  11	  million	  inhabitants	  residing	  on	  a	  land	  
area	  about	  the	  size	  of	  Maryland	  (10,000	  square	  miles).	  As	  of	  2005,	  nearly	  80%	  of	  the	  
residents	  were	  employed	  in	  the	  agricultural	  sector,	  the	  majority	  of	  which	  live	  in	  rural	  
communities.	  The	  city	  of	  Kigali	  is	  the	  seat	  of	  the	  nation’s	  government	  and	  far	  and	  away	  
the	  most	  urbanized	  area	  in	  Rwanda.	  Kigali	  contains	  about	  one-­‐tenth	  of	  the	  nation’s	  
population,	  some	  1,135,428	  persons,	  whereas	  the	  next	  largest	  city	  in	  the	  country	  is	  
home	  to	  less	  than	  one	  hundred	  thousand.68	  
	   Kigali	  bears	  an	  interesting	  relationship	  to	  the	  existing	  literature	  regarding	  
urbanization	  in	  the	  developing	  world	  given	  that	  it	  is	  by	  no	  means	  a	  megacity,	  but	  sits	  at	  
the	  top	  end	  of	  the	  scale	  of	  cities	  projected	  to	  experience	  the	  most	  growth,	  those	  
between	  500,000	  and	  1,000,000	  million	  residents.69	  Yet,	  as	  illustrated,	  Kigali	  is	  clearly	  
the	  dominant	  urbanism	  within	  its	  context	  and	  acts	  as	  Rwanda’s	  capital.	  
	   Despite	  its	  recent	  economic	  success,	  Rwanda	  remains	  a	  generally	  impoverished	  
nation.	  The	  gross	  national	  income	  per	  capita	  was	  only	  $578	  in	  2011,	  though	  this	  is	  a	  
marked	  increase	  from	  the	  $278	  in	  2005.70	  Rwanda	  lacks	  any	  noteworthy	  natural	  
resources,	  deforestation	  is	  a	  serious	  issue,	  and	  while	  the	  genocide	  was	  decidedly	  an	  
outcome	  of	  convoluted	  tribal	  and	  colonial	  histories,	  Swilling,	  Annecke	  and	  Cass	  proclaim	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that	  it	  was	  also	  “a	  violent	  reaction	  to	  decades	  of	  simmering	  local	  conflicts	  over	  access	  to	  
a	  key	  resource	  in	  a	  society	  without	  an	  energy	  infrastructure–firewood.”71	  Rwanda	  also	  
lacks	  any	  important	  manufacturing,	  with	  only	  3.8%	  of	  the	  population	  employed	  in	  the	  
industrial	  sector	  as	  of	  2005.72	  Multiple	  authors	  have	  promoted	  local,	  small-­‐scale	  
manufacturing	  as	  a	  critical	  tool	  for	  incorporating	  developing	  world	  urban	  populations	  
into	  the	  formal	  economy,	  thus	  this	  deficiency	  may	  prove	  troublesome	  for	  Rwanda	  in	  the	  
near	  future.	  Up	  to	  now,	  Rwanda	  has	  predominantly	  supported	  its	  growth	  by	  integrating	  
with	  the	  global	  service	  industry	  and	  sponsoring	  tourism.73	  This	  strategy	  has	  been	  highly	  
fruitful	  and	  Rwanda	  is	  among	  the	  continent’s	  leaders	  in	  GDP	  growth	  registering	  at	  least	  
8%	  annually	  for	  the	  past	  5	  years,	  still	  the	  reliance	  on	  purely	  exogenous	  capital	  raises	  the	  
question	  of	  eventual	  limits.74	  
	   Such	  dramatic	  change	  over	  the	  past	  two	  decades	  implies	  highly	  visionary	  and	  
proactive	  leadership,	  which	  is	  exactly	  the	  style	  Kagame	  provides.	  A	  guerilla	  refugee	  
turned	  general	  turned	  popular	  president,	  Kagame	  has	  received	  much	  criticism	  from	  the	  
international	  community	  since	  taking	  control	  of	  the	  country.	  Admittedly,	  certain	  aspects	  
of	  Kagame’s	  rule	  are	  ethically	  questionable,	  including	  the	  censorship	  of	  any	  media	  that	  
might	  revive	  ethnic	  divisions,	  the	  lack	  of	  any	  criminal	  charges	  pressed	  against	  rebel	  army	  
soldiers	  compared	  to	  the	  dearth	  of	  charges	  pressed	  against	  genocidaires,	  and	  the	  recent	  
extension	  of	  the	  maximum	  presidential	  term.75	  However,	  when	  one	  considers	  the	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desperation	  of	  the	  situation	  in	  which	  Kagame	  came	  to	  power	  and	  the	  utter	  disregard	  for	  
the	  Rwandese	  people	  by	  the	  international	  community	  at	  the	  time,	  these	  allegations	  
seem	  slightly	  petty.	  Nonetheless,	  the	  authoritarian	  if	  locally	  popular	  nature	  of	  the	  
regime	  poses	  certain	  difficulties	  for	  future	  development.	  Strict	  governmental	  oversight	  
of	  all	  collective	  organizations	  can	  impede	  the	  bottom-­‐up	  growth	  of	  democratic	  
institutions,	  and	  limitations	  on	  cultural	  communications	  can	  impair	  innovation.	  
	   6.1	   Master	  Plan	  &	  Transect	  
	   In	  line	  with	  Kagame’s	  ambitious	  Vision	  2020	  to	  modernize	  Rwanda,	  
administrators	  contracted	  the	  Denver-­‐based	  firm	  OZ	  architecture	  to	  assist	  in	  
masterplanning	  the	  city	  of	  Kigali	  in	  2007.	  During	  an	  interview	  with	  Steve	  Brooks,	  a	  
principal	  at	  OZ	  who	  worked	  on	  the	  Kigali	  master	  plan	  both	  in	  Rwanda	  and	  the	  Denver,	  
communicated	  that	  while	  OZ	  implemented	  some	  highly	  progressive	  techniques–such	  as	  
direct	  conversation	  with	  slum	  dwellers	  and	  remediation	  of	  slum	  settlements	  through	  
gradual	  infrastructural	  provision	  rather	  than	  wholesale	  clearance	  and	  redesign–the	  
foremost	  components	  of	  the	  plan	  were	  rooted	  in	  traditional	  methodologies,	  the	  master	  
plan	  and	  transect.76	  The	  master	  plan	  was	  drawn	  up	  largely	  based	  on	  observational	  
understandings	  of	  the	  layered	  ecological,	  socio-­‐cultural,	  economic,	  and	  infrastructural	  
networks	  of	  the	  city	  acquired	  through	  graphic	  analysis,	  education	  and	  intuition.	  OZ	  
contracts	  an	  external	  GIS	  analysis	  firm,	  and	  GIS	  was	  used	  to	  validate	  but	  not	  drive	  the	  
design	  or	  analysis.	  The	  greatest	  breakthrough	  in	  the	  localization	  of	  the	  plan	  was	  
                                                




obtained	  via	  the	  transect.77	  The	  topography	  of	  Rwanda	  has	  earned	  it	  the	  moniker	  ‘a	  land	  
of	  a	  thousand	  hills’,	  and	  Kigali	  sprawls	  across	  four	  ridges	  and	  the	  valleys	  between.	  The	  
sectional	  perspective	  of	  the	  transect	  showed	  the	  different	  potentials	  for	  development	  
within	  the	  city	  based	  on	  slope	  and	  aspect.	  Accordingly,	  dense	  development	  was	  mostly	  
allocated	  to	  hilltops,	  while	  hillsides	  too	  steep	  to	  be	  suitable	  for	  construction	  were	  
reserved	  as	  a	  network	  of	  natural	  environments	  woven	  through	  the	  urban	  fabric,	  and	  key	  
valleys	  as	  drainage	  ways.78	  
	   6.2	   Democratizing	  Development	  
	   A	  commendable	  and	  awarded	  project,	  the	  accomplishments	  of	  the	  Kigali	  master	  
plan	  are	  not	  to	  be	  undervalued.	  Be	  that	  as	  it	  may,	  the	  content	  of	  this	  thesis	  suggests	  
that	  Kigali’s	  master	  plan	  stands	  to	  be	  enriched	  and	  made	  more	  locally	  relevant	  through	  
the	  application	  of	  emerging	  technologies.	  All	  of	  the	  technologies	  described	  earlier,	  
climate	  models,	  cellular	  automata,	  bulk	  infrastructure	  cost	  maps,	  city	  information	  
models	  and	  resource-­‐sharing	  networks	  could	  offer	  Kigali’s	  administration	  priceless	  
information	  on	  which	  to	  base	  future	  development	  decisions.	  Due	  to	  practical	  
constraints,	  this	  thesis	  will	  briefly	  deliberate	  one	  such	  opportunity.	  
	   Considering	  the	  country’s	  extraordinary	  political	  circumstances,	  the	  
development	  of	  Kigali	  has	  much	  to	  gain	  from	  democratizing,	  bottom-­‐up	  methodologies.	  
While	  a	  benevolent	  authoritarian	  rule	  may	  indeed	  be	  what	  is	  needed	  to	  maintain	  
tolerance	  and	  safety	  for	  a	  time,	  it	  is	  doubtful	  that	  restrictions	  on	  communication	  and	  






public	  organization	  can	  engender	  urban	  sustainability	  in	  the	  long	  term.	  This	  is	  especially	  
true	  if	  Kigali	  wishes	  to	  avoid	  creating	  conditions	  of	  technologic	  apartheid,	  a	  tangible	  risk	  
since	  the	  city	  relies	  largely	  on	  global	  flows	  and	  has	  already	  invested	  heavily	  in	  fiber-­‐optic	  
infrastructures	  to	  accommodate	  these	  flows,	  though	  much	  of	  the	  nation	  still	  lacks	  basic	  
water,	  sanitation	  and	  energy	  infrastructure.	  Technology	  can	  conversely	  be	  used	  to	  
decentralize	  power.	  Hypothetically,	  web-­‐based	  interfaces	  could	  be	  leveraged	  to	  
consolidate	  public	  knowledge	  of	  and	  aspirations	  for	  the	  city.	  
	   Of	  course,	  there	  are	  significant	  procedural	  hurdles	  to	  be	  overcome	  in	  crowd-­‐
sourcing	  data	  within	  a	  developing	  country	  context.	  Like	  many	  Africans,	  most	  Rwandese	  
do	  not	  own	  personal	  computers,	  though	  cell	  phones	  proliferate.	  Luckily,	  a	  prospect	  is	  
gained	  by	  wedding	  the	  effort	  to	  database	  public	  planning	  knowledge	  with	  local	  
tradition.	  For	  the	  case	  of	  Kigali,	  the	  institution	  of	  Umuganda	  may	  be	  relevant.	  One	  of	  the	  
many	  reconciliation	  efforts	  undertaken	  by	  Kagame’s	  government,	  Umuganda	  is	  a	  day	  of	  
mandatory	  community	  service	  work	  occuring	  the	  last	  Saturday	  of	  every	  month,	  during	  
which	  all	  Rwandese	  are	  legally	  mandated	  to	  report	  for	  assistance	  with	  local	  initiatives	  
ranging	  from	  repairing	  potholes,	  to	  maintaining	  vegetation,	  to	  constructing	  houses	  for	  
vulnerable	  persons.	  People	  with	  specialized	  skills,	  such	  as	  doctors	  or	  lawyers,	  may	  also	  
offer	  free	  services	  on	  this	  day.79	  
	   It	  is	  not	  difficult	  to	  imagine	  that	  for	  citizens	  of	  Kigali,	  Umuganda	  could	  be	  
coopted	  into	  a	  day	  for	  collecting	  public	  knowledge	  on	  the	  city.	  With	  modest	  government	  
subsidies	  for	  devices,	  officials	  could	  educate	  people	  to	  map	  their	  memories	  of	  places	  





with	  historic	  significance,	  identify	  locations	  where	  infrastructures	  need	  repair,	  propose	  
sites	  for	  new	  development,	  or	  comment	  on	  any	  other	  question	  of	  urbanization	  they	  felt	  
important.	  By	  databasing	  all	  of	  this	  knowledge	  and	  using	  it	  to	  inform	  adaptable	  city	  
models,	  presumably	  the	  government	  could	  assist	  in	  empowering	  the	  public	  to	  build	  a	  
city	  fundamentally	  their	  own	  and	  more	  sustainably	  responsive	  to	  local	  conditions.	  
	   6.3	   Valuing	  the	  Vernacular	  
 Amidst	  discussions	  of	  contemporary	  and	  future	  technologies,	  vernacular	  
technologies	  are	  often	  neglected.	  It	  is	  best	  not	  to	  forget	  the	  meaningful	  role	  that	  
vernacular	  or	  indigenous	  technical	  knowledge	  (ITK)	  can	  play	  in	  actualizing	  sustainably	  
localized	  urbanisms.	  Most	  vernacular	  knowledge	  has	  proven	  notoriously	  difficult	  to	  
consolidate	  but	  one	  exception	  to	  this	  rule	  is	  the	  legacy	  literally	  writ	  in	  stone	  in	  the	  built	  
patrimony.	  Many	  vernacular	  building	  materials	  and	  forms	  have	  been	  iteratively	  
acclimated	  to	  local	  climatic	  and	  social	  conditions	  over	  hundreds	  of	  years.	  
	   Kigali	  is	  situated	  within	  a	  tropical	  savanna	  climate.	  Thus	  its	  urban	  forms	  can	  be	  
informed	  by	  those	  indigenous	  to	  the	  region,	  as	  well	  as	  by	  those	  indigenous	  to	  other	  
cultures	  residing	  in	  comparable	  climates.	  A	  sampling	  of	  these	  include	  the	  Mousguom	  
tolekakay	  built	  of	  insulating	  earth	  and	  designed	  for	  passive	  ventilation,	  the	  
Bantammaliba	  roundhouses	  each	  functioning	  as	  self-­‐sufficient	  economic	  units,	  and	  the	  
Yanomami	  shabano,	  a	  conglomeration	  of	  residential	  units	  which	  sum	  to	  a	  defensible	  
communal	  whole.80	  These	  structures,	  specified	  to	  the	  places	  in	  which	  they	  exist,	  create	  
comfortable	  environments	  with	  minimal	  energy	  use	  and	  capitalize	  on	  economical,	  
                                                




locally	  available	  materials.	  Vernacular	  technologies	  thereby	  provide	  insightful	  climatic	  
adaptations	  deserving	  consideration	  in	  contemporary	  development.	  
7.0	   Conclusion	  
 This	  thesis	  first	  highlighted	  the	  agreement	  between	  human	  geography	  and	  urban	  
theory	  that	  to	  achieve	  urban	  sustainability,	  development	  practices	  must	  be	  more	  
specifically	  adapted	  to	  the	  locations	  in	  which	  they	  operate	  than	  has	  been	  the	  case	  in	  the	  
recent	  past.	  Subsequently,	  a	  selection	  of	  data	  based	  design	  and	  analysis	  technologies	  
were	  presented	  which	  demonstrate	  the	  newfound	  potential	  for	  digital	  and	  parametric	  
technologies	  to	  effectively	  localize	  development	  practices	  and	  decisions.	  Thirdly,	  the	  
opportunity	  for	  applying	  these	  technologies	  to	  planning	  in	  Kigali,	  Rwanda	  was	  discusses,	  
with	  an	  emphasis	  on	  democratizing	  development	  through	  web-­‐based	  interfaces.	  
	   This	  thesis	  was	  intentionally	  titled	  ‘Sustainably	  Localized	  Urbanisms’	  in	  contrast	  
to	  ‘Locally	  Sustainable	  Urbanisms’.	  As	  evidenced	  by	  Rwanda’s	  successes,	  tapping	  into	  
global	  flows	  can	  fuel	  significant	  growth	  in	  the	  developing	  world,	  and	  no	  good	  can	  come	  
from	  scaling	  down	  the	  collective	  intelligence	  giving	  rise	  to	  sustainable	  innovations	  and	  
enabled	  by	  global	  communication	  technologies.	  Neither	  extreme,	  purely	  localized	  nor	  
purely	  globalized	  sustenance	  is	  desirable.	  A	  diversified,	  resilient	  synthesis	  of	  local	  and	  
global	  flows	  is	  instead	  a	  more	  realistic	  path	  towards	  sustainability.	  
	   Finally,	  this	  thesis	  acknowledges	  that	  digital	  and	  parametric	  technologies	  are	  not	  
a	  panacea,	  and	  recognizes	  the	  value	  of	  indigenous	  vernacular	  knowledge.	  Even	  with	  




and	  bias	  associated	  with	  the	  use	  of	  technology	  to	  inform	  development.	  Nonetheless,	  the	  
success	  that	  empirically	  backed	  science	  has	  provided	  civilization	  is	  undeniable,	  and	  the	  
technologies	  now	  exist	  to	  begin	  leveraging	  these	  same	  benefits	  in	  the	  sustainable	  
localization	  of	  urbanisms.	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